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ABSTRACT 
Muscle Activation during the Active Straight Leg Raise and Double Straight Leg  
Lowering Tests 
Callahan, ME.  Gage, M. Ferng, SF. Nesser, T. 
 
Context:  Low back pain is a common medical condition that exists in athletic and 
general populations.  It is difficult to for clinicians to diagnose low back pain because no gold 
standard clinical test has been established to diagnose low back pain.  Limited previous 
research has assessed muscle activation during commonly used clinical tests that evaluate low 
back pain.  Objective:  To assess transverse abdominis/internal oblique (TrA/IO), external 
oblique (EO), and rectus abdominis (RA) muscles during two common low back pain clinical 
tests.  The clinical tests were the double straight leg lowering (DSLL) test and the active 
straight leg raise (ASLR) test.  The ASLR was performed bilaterally.  Design:  Within subjects 
cohort study.  Setting:  Neuromechanics Research Laboratory.  Participants:  Thirty healthy, 
college aged, physically active (ht-173.48 + 9.15 cm, mass-73.85 + 17.1 kg, age-20.8 + 2. yrs) 
participants were recruited from a university campus.  Intervention:  Muscle activation was 
assessed during the DSLL and right (RASLR) and left (LASLR).  Main Outcome Measures:  
Peak and mean abdominal muscle activation was measured using electromyography (EMG).   
Independent samples t-tests were used to assess muscle activation differences between tasks.  
Results:  No differences were observed in the TrA/IO between the DSLL and ASLR.  Greater iv 
 
mean muscle activation was observed in the EO [right-(p = .006) and left-(p = .020)] and RA 
[right-(p = .004) and left (p = .044)] during the DSLL than the RASLR.  The EO [right-(p = 
.044) and left (p = .003)] and right RA (p = .002) had greater mean muscle activation during the 
DSLL than the LASLR.  Greater peak EO [right-(p = .016) and left (p = .028)] and right RA (p 
= .003) muscle activation was observed during the RASLR than the DSLL.  The left TrA/IO 
had greater peak muscle activation during the LASLR than the RASLR.  Greater peak muscle 
activation was observed in the left EO (p = .005) and right RA (p = .001) during the LASLR 
and DSLL.  The right TrA/IO (p = 0.45) had greater mean muscle activation during the RASLR 
than the LASLR.  The left TrA/IO (p = .012) had greater mean muscle activation during the 
LASLR than the RASLR.   
Conclusion:    The DSLL and ASLR do not assess the TrA/IO, EO, and RA in the same 
way.  The ASLR recruits the TrA/IO more than the DSLL.  The DSLL activates the EO and RA 
more than the ASLR.  There are different activation patterns depending on the leg being raised 
during the ASLR.    
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PREFACE 
I have always been interested in the muscles of the trunk and how it relates to low back 
pain.  For my Master Thesis project, I wanted to investigate this idea more closely.  I am a 
clinician at heart, so I wanted this project to produce information that can be used in a clinical 
setting.  This project was started in January 2010 and completed in June 2011.  It was a 
challenging, rewarding process and I am proud to share my results with the world. 
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ABSTRACT 
 
Muscle Activation during the Active Straight Leg Raise and Double Straight Leg  
Lowering Tests 
Callahan, ME.  Gage, M. Ferng, SF. Nesser, T. 
 
Context:  Low back pain is a common medical condition that exists in athletic and 
general populations.  It is difficult to for clinicians to diagnose low back pain because no gold 
standard clinical test has been established to diagnose low back pain.  Limited previous research 
has assessed muscle activation during commonly used clinical tests that evaluate low back pain.  
Objective:  To assess transverse abdominis/internal oblique (TrA/IO), external oblique (EO), 
and rectus abdominis (RA) muscles during two common low back pain clinical tests.  The 
clinical tests were the double straight leg lowering (DSLL) test and the active straight leg raise 
(ASLR) test.  The ASLR was performed bilaterally.  Design:  Within subjects cohort study.  
Setting:  Neuromechanics Research Laboratory.  Participants:  Thirty healthy, college aged, 
physically active (ht-173.48 + 9.15 cm, mass-73.85 + 17.1 kg, age-20.8 + 2. yrs) participants 
were recruited from a university campus.  Intervention:  Muscle activation was assessed during 
the DSLL and right (RASLR) and left (LASLR).  Main Outcome Measures:  Peak and mean 
abdominal muscle activation was measured using electromyography (EMG).   Independent 
samples t-tests were used to assess muscle activation differences between tasks.  Results:  No 
differences were observed in the TrA/IO between the DSLL and ASLR.  Greater mean muscle 2 
activation was observed in the EO [right-(p = .006) and left-(p = .020)] and RA [right-(p = .004) 
and left (p = .044)] during the DSLL than the RASLR.  The EO [right-(p = .044) and left (p = 
.003)] and right RA (p = .002) had greater mean muscle activation during the DSLL than the 
LASLR.  Greater peak EO [right-(p = .016) and left (p = .028)] and right RA (p = .003) muscle 
activation was observed during the RASLR than the DSLL.  The left TrA/IO had greater peak 
muscle activation during the LASLR than the RASLR.  Greater peak muscle activation was 
observed in the left EO (p = .005) and right RA (p = .001) during the LASLR and DSLL.  The 
right TrA/IO (p = 0.45) had greater mean muscle activation during the RASLR than the LASLR.  
The left TrA/IO (p = .012) had greater mean muscle activation during the LASLR than the 
RASLR.   
Conclusion:    The DSLL and ASLR do not assess the TrA/IO, EO, and RA in the same 
way.  The ASLR recruits the TrA/IO more than the DSLL.  The DSLL activates the EO and RA 
more than the ASLR.  There are different activation patterns depending on the leg being raised 
during the ASLR.    
 3 
Low back pain is a common condition that is seen in both general and athletic 
populations.  Three different types of low back pain have been discussed in prior literature:  
mechanical, acute and chronic.  Mechanical low back pain exposes the lumbar spine to large 
compressive loads that can cause degenerative changes to the intervertebral disks.  Acute low 
back pain is the sudden onset of pain due to trauma, such as athletic injury.  Chronic low back 
pain refers to pain that occurs for 3 months or longer.  Low back pain continues to be an 
increasing medical issue in the Unites States.  One quarter of adults experience at least one day 
of low back pain during a 3 month period
1, and a majority of adults experience low back pain at 
least once in their lives.
2-3  Low back pain accounts for 2.5% of all outpatient visits
1 4 and 
patients in the US are paying tens of billions of dollars to treat this condition.
5-6  Low back pain 
is a medical condition that continues to be prevalent and tasks the healthcare system. 
The active straight leg raise (ASLR) is suggested as a clinical indicator of lumbopelvic 
stability.
7-9  A positive ASLR test indicates that the functions of the pelvic floor muscles may be 
altered, this includes the transverse abdominis/internal oblique (TrA/IO).
9  Altered 
neuromuscular control and muscular function are thought to contribute to the development of 
low back pain.
9-11  People with low back pain demonstrate a different muscular response than 
those without low back pain.
12  Decreased sacroiliac laxity has been observed when the 
transverse abdominis is contracted.
11  Teaching low back pain patients how to contract their 
transverse abdominus has proven to be beneficial at decreasing low back pain.  
Weak abdominal musculature is believed to contribute to low back pain.
13-19  The prime 
movers of the trunk are the external oblique (EO) and the rectus abdominis (RA).
14-17  The 
double straight leg lowering (DSLL) test has been used as an advanced exercise for the 
abdominal musculature due to the large amount of coactivation of trunk muscles to stabilize the 4 
lumbar spine and pelvis.
20  The DSLL is also commonly used to evaluate the strength of the EO 
and RA.
20  Although the DSLL is not considered a special test for low back pain, evaluating the 
main musculature of the trunk could provide insight to why a patient is experiencing pain. 
Muscle activation has been assessed separately during the ASLR and DSLL tests.
7 12 20-24  
However, no study has assessed muscle activation simultaneously during these two tests on the 
same individuals.  Common muscle firing patterns have been observed using EMG during the 
ASLR and DSLL.  The RA and EO muscles had greater activation than the internal oblique 
muscle during a DSLL.
13  Greater internal oblique muscle activation was observed during the 
ASLR.
7  The RA, EO, and IO are common sites when measuring muscle activation during the 
DSLL and ASLR.  However, the TrA has not been as commonly assessed during these two 
clinical tests.  
Therefore, the purpose of this study was to measure muscle activity of the transverse 
abdominis/internal oblique (TrA/IO), external oblique (EO) and rectus abdominis (RA) during 
the ASLR and DSLL tests in healthy individuals. 
METHODS 
Design 
The research design was a within subject cohort study.  The independent variable was 
task:  DSLL test and the ASLR.  The ASLR was performed on both the right (RASLR) and left 
(LASLR).  Abdominal muscle activation (TrA/IO, EO, and RA) was the dependent variable for 
this study.  Muscle activation was measured bilaterally for each muscle.   
Participants 
Thirty healthy physically active participants (16 females, 14 males) volunteered to 
participate in this study.  Physically active was defined as being physically active for a minimum 5 
of 3 times a week for 30 minutes.
25  A summary of demographic data is detailed in Table 1.  
Exclusion criteria included a history of: cardiovascular or neurological disorder; pregnancy 
within the last year; low back pain; abdominal or hip injury within the last year; abdominal or 
hip surgery within the last 2 years; hamstring inflexibility of active motion less than 90° of hip 
flexion.  Each participant read and signed an informed consent form approved by the 
University’s Institutional Review Board prior to beginning the study.   
Instrumentation 
The Myomonitor IV (Delsys, Inc., Boston, Massachusetts) wireless EMG unit was used 
to quantify bilateral muscle activity.  Since the Myomonitor IV System is a wireless unit, we 
accounted for a delay in signal transmission because all wireless systems have a delay.  Delsys, 
Inc. estimates the delay to be approximately 60 ms.  Muscle activation data was collected at 1000 
Hz.  The input impedance of the amplifier was >10
15 megohm//0.2 pF, with a common mode 
rejection ratio of 90 dB, high and low pass filters of 20 and 450Hz, a signal to noise ratio of -92 
dB, and a gain of 1000. 
The data used for analysis was a four second window in which the tasks occurred.  Each 
participant began the tasks on the verbal command of the computer.  Data was collected for 4 
seconds after the command of the computer.  The fourth second of data collection was used to 
account for variability in reaction time in the participants.  The trial for the ASLR was complete 
when the active leg reached 90° while the trials for DSLL test were complete when the legs came 
in contact with the table.  This ensured that the data included all pertinent muscle activation data 
needed for this study.   
The Stabilizer pressure biofeedback unit (Chattanooga Group, Chattanooga, Tennessee) 
was used to monitor spinal stability. This unit gave the participants feedback via the amount of 6 
pressure placed on the cuff with posterior pelvic tilt.  A metronome was used to standardize the 
rate that the DSLL and ASLR tests were performed.  The metronome was set at 60 beats per 
second.  An arc ranging from 0° to 90° was placed against the wall in the lab (Figure 3) and the 
participant lowered or lifted his or her legs in 3 seconds, lowering or lifting at 30° per second.  
This rate of lowering and lifting was chosen based on project development data. 
Procedures 
Familiarization Session 
Participants reported to the Neuromechanics Lab in the Applied Medicine Research 
Center.  The participant read the informed consent form, completed a health history 
questionnaire and asked any questions he/she had about participating in the study.  The principal 
investigator (PI) then demonstrated and explained the ASLR.  The participant practiced the 
ASLR 5 times on each leg in order to assure that the participant was able and to keep the rate of 
lifting constant with both the dominate and nondominate legs.  The PI gave the following 
instructions to each participant for the ASLR:  “Please lift your leg to the beat of the metronome 
as smoothly as you can.  It should take you about 3 seconds to complete the task.”  The low back 
had to stay in contact with the table (measured by the stabilizer cuff), the leg being raised was 
kept straight, and the opposite leg was kept straight and in contact with the table.  Participants 
were given 2 minutes of rest between each trial.   
The DSLL test was demonstrated and explained to the participant.  The participant 
practiced the DSLL test 5 times to keep the rate of lowering constant.  The PI gave the following 
instructions for the DSLL to each participant:  “Please lowering your legs to the beat of the 
metronome as smoothly as you can.  It should take you about 3 seconds to complete the task.”  
The participant was asked to keep the low back in contact with the table and the legs straight 7 
during the entire trial.  The PI lifted the participant's legs to 90° of hip flexion (starting position).  
Since the legs started at 90° of hip flexion (measured with the arc on the wall), the test concluded 
once the heels hit the table.  The familiarization session procedures are summarized in Table 2. 
The Stabilizer cuff was placed between the participant’s lumbar spine and table during 
ASLR and DSLL trials.   
The cuff was inflated to 40 mmHg before each trial. Participants were requiredto keep the 
cuff between 60 and 120 mmHg to ensure the posterior pelvic tilt was being performed 
correctly.
26  The metronome was set and the participant lowered his or her legs 30° per second on 
the beat of the metronome on the verbal command of the computer.  The participant had 2 
minutes of rest between each trial. 
Data Collection Session 
The participants reported to the Neuromechanics Lab in the Applied Medicine Research 
Center within 2 days of the familiarization session.  Demographic data (height, mass, gender, leg 
dominance) was collected.  Leg dominance was defined as the leg the participant uses to kick a 
ball.  The participant exposed his/her trunk for placement of surface EMG electrodes.  Fine sand 
paper and alcohol wipes were used to debride the skin before electrode placement.  The 
electrodes were placed bilaterally over the TrA/IO, EO, and RA.  Electrode placement is 
described in Table 3.  A total of six trials were performed by the participant for each task during 
data collection.  Each task was practiced three times to refamiliarize each participant, then the 
next three trials were utilized for data collection.  Task order was randomly counterbalanced to 
decrease the chance of an order effect.  Sequence of the data collection session is outlined in 
Table 4.  
 8 
Testing Protocol 
To perform the double straight leg lowering test, the participants were positioned supine 
on a firm surface with their legs straight and arms folded across the chest to negate using them 
for support.  The participant raised his or her legs to 90° in the vertical plane, keeping the knees 
straight.  The PI assisted the participant with keeping his or her legs in 90° of hip flexion until 
the trial began.  Participants followed the same protocol as described above in the data collection 
session regarding participant position, rate of lowering the legs to the metronome, pressure of the 
stabilizer cuff, and rest period.  Each trial was initiated by the verbal command of the computer 
for the DSLL test and ASLR. 
To perform the ASLR, the participant was laying supine on the table with their arms 
across the chest to negate their use for support.  On the computer’s command, the participant 
actively raised the leg to 90° the beat of the metronome.  Participants followed the same protocol 
as described above in the data collection session regarding participant position, rate of raising to 
the metronome, pressure of the stabilizer cuff, and rest period.   
Statistical Analysis 
Data analysis was completed using SPSS 18.0 (SPSS, Inc., Chicago, IL).  Independent 
sample t-tests with equal variances not assumed were used to assess differences in muscle 
activation between tasks.  Comparisons were made between the DSLL and RASLR, DSLL and 
LASLR, and RASLR and LASLR.  Significance was set at 0.05 a priori.   
Results 
A summary of mean muscle activation is detailed in Table 5.  A summary of peak muscle 
activation is detailed in Table 6. 
 9 
Comparison between DSLL and RASLR 
No difference was observed in mean TrA/IO (right-p = .059, left-p = .373) between the 
RASLR and the DSLL.  Greater mean muscle activation was observed in the right TrA/IO during 
the RASLR than during the DSLL.  However, the left TrA/IO had greater mean muscle 
activation during the DSLL than during the RASLR.  Differences in the right EO (p = .006), left 
EO (p = .020), right RA (p = .004), and left RA (p = .044) were observed between the RASLR 
and the DSLL with mean muscle activation with the DSLL producing greater mean muscle 
activation than the RASLR in all four muscles. 
Peak muscle activation was greater in the right TrA/IO during the RASLR than the 
DSLL.  There were differences between the right EO (p = .016), left EO (p=.028), and right RA 
(p=.003) during the RASLR and DSLL with each muscle producing greater peak muscle 
activation during the DSLL than the RALSR.   
Comparison between DSLL and LASLR 
No differences were observed in mean TrA/IO (right-p =.656, left-p = .050) between the 
LASLR and the DSLL.  There were differences between the LASLR and the DSLL with mean 
muscle activation in the right EO (p = .044), left EO (p = .003), and right RA (p = .002), but no 
significant difference in the left RA (p = .183) with the DSLL increasing mean muscle activation 
in all four muscles. 
Differences in peak muscle activation were observed between the left EO (p=.005) and 
right RA (p=.001) during the LASLR and DSLL.  The right TrA/IO (p = .948), left TrA/IO (p = 
.051), right EO (p = .057), and left RA (p = .632) reported no differences between these two 
tasks.  The right TrA/IO and left TrA/IO had greater peak muscle activation during the LASLR.  10 
The right EO, left EO, right RA, and left RA had greater peak muscle activation during the 
DSLL. 
Comparison between RASLR and LASLR 
There were differences in mean EMG activation with the right TrA/IO (p = 0.45) and left 
TrA/IO (p = .012) during the RASLR and LASLR, but not with the right EO, left EO, right RA, 
and left RA.  When participants performed the RASLR, the mean muscle activation in the right 
TrA/IO was greater than the left.  When the LASLR was performed, the mean muscle activation 
was greater in the left TrA/IO than in the right TrA/IO. 
A difference was observed in peak muscle activation in the left TrA/IO (p = .010) during 
the RASLR and LASLR.  There were no significant differences between these two tasks in the 
other five muscles. 
Discussion 
Bergmark et al
27 categorized the lumbopelvic musculature into 2 systems, local and 
global.  The local system’s primary responsibility is to provide lumbopelvic stabilization while 
the global system muscles serve as the prime movers of the trunk.  Global (EO and RA) and 
local (TrA/IO) system muscles were assessed in our study.  Previous research has suggested that 
the ASLR is a good clinical indicator of lumbopelvic stability.
8-9 12  Therefore, the ASLR should 
be a good indicator of TrA/IO muscle activation.  The participants in our study demonstrated the 
greatest mean TrA/IO muscle activation during the ASLR (right and left).  Our data supports the 
results of studies conducted by Beales et al.
22-23  One study observed pain free participants 
performing an ASLR with increasing weight added.
23  While we didn’t add weight in our study, 
the results from Beales shows a consistency in muscle activation during the ASLR in his study 
and our study.  His participants demonstrated the greatest muscle activation in the IO during the 11 
ASLR.
23  Greater internal oblique muscle activation was observed during the ASLR.
22  Our 
participants also had greater IO muscle activation during the ASLR.  Our study utilized both 
genders while Beales et al only used female participants.  No statistical differences were 
observed in muscle activation between gender in this study so based on our results and the 
previous research of Beales et al, it appears that the ASLR may be a good clinical indicator of 
TrA/IO muscle activation regardless of gender. 
Muscle activation patterns are dependent on which leg is lifted during the ASLR test.
22-23  
Beales et al
22-23 observed the greatest IO and EO muscle activation on the side of the leg being 
raised during the ASLR test.  However, our participants had greater muscle activation in the 
ipsilateral TrA/IO and RA and contralateral EO during the ALSR dependent upon the leg being 
raised.  The pattern in our study differed from the muscle activation patterns described by Beales 
et al.
22  The EO activated differently between the two studies.   Our study observed the greatest 
EO muscle activation on the contralateral side of the leg being raised while Beales et al
22-23 
observed the greatest EO muscle activation on the ipsilateral side.  This difference may have 
been observed due to differences in methodology.  Our study placed a stabilizer cuff under the 
low back to control for lumbopelvic stability while Beales et al
22 placed the stabilizer cuff under 
the heel.  We also controlled the rate of lift during the ASLR, which Beales et al
22 did not do.  
The electrode placement for the EO was different in each study which might have changed the 
function of the EO during the ASLR.  The increased activation of the lower fibers EO on the 
contralateral side of the leg being lifted in our study could suggest that it is a primary pelvic 
stabilizer during the ASLR while the upper fibers may be more of a primary mover as observed 
by Beales et al.
22   12 
The DSLL test places greater demands on the abdominal musculature
13 20 than the ASLR.   
Abdominal muscle activation differs depending on difficulty of task.  Our participants showed 
differences in EO and RA muscle activation between the DSLL and ASLR.  Greater EO and RA 
muscle activation was observed during the DSLL test than during the ASLR.  No TrA/IO muscle 
activation differences were observed between the DSLL and the ASLR (right or left).  It may be 
that the DSLL test causes more pelvic motion which requires more muscle activation due to the 
increased difficulty of the task when compared to the ALSR.  Prior research has suggested that 
the DSLL test is a good indicator of EO and RA muscle activation.
13  Participants in our study 
also demonstrated greater EO and RA muscle activation during the DSLL test.  Shields and 
Heiss
20 established two muscle synergy patterns during the DSLL test.  The first pattern included 
high RA, high EO and low IO muscle activation, while the second pattern included low RA, and 
high EO and IO muscle activation.
20  Our participants demonstrated the first pattern.  Based on 
our study and past research, it could be suggested that the DSLL is a good indicator of EO and 
RA muscle activity. 
Our data suggests that the ASLR and DSLL test do not assess muscle activation in the 
same way.  If a clinician wants to assess local system muscles (TrA/IO), he or she should utilize 
the ASLR.  The clinician should also do it bilaterally since the muscle activation patterns are 
different depending on the leg being raised.  Prior research has been controversial about using 
the DSLL test
13 20 28 as a measure of lumbopelvic stability. Due to difficulty of the task not all 
patients may be able to maintain a neutral lumbopelvic position.  
Like with all research studies, ours was not without limitations.  It was observed during 
data collection that a majority of the participants were having a difficult time maintaining the 
pressure on the stabilizer cuff the last 30° during the DSLL.  This may have altered the data but 13 
in different study a small percentage of the participants were able to keep the low back in contact 
with the table even though they were considered to have “good” abdominal strength.
13  Another 
limitation to this study is that the data and results observed can only be applied to the 
recreationally active population involved in the study.   
Future research is needed due to the limited amount of research comparing the ASLR and 
DSLL tests.  The tasks can be compared individually, but there are no studies to the author’s 
knowledge that compare the two tasks utilizing the same participants.  Our study lays the 
groundwork for the two tasks to be compared.  It suggests that the ASLR can be used clinically 
to evaluate the TrA/IO and the DSLL can be used to evaluate the EO and RA. 
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Table 1.  Participant Descriptive Statistics 
  Minimum  Maximum  Mean  Std. Deviation 
Height (cm)  160.02  187.96  173.48  9.15 
Weight (kg)  51.3  112.5  73.85  17.1 
Age (yo)  18  27  20.83  2.39 
Right AROM  87  110  92.47  5.48 
Left AROM  88  108  91.93  5.01 
 19 
Table 2.  Sequence of Familiarization Session Procedures 
1.  Participant enters the Neuromechanics Lab in the Applied Medicine Research  
Center. 
2.  PI explains informed consent, health history questionnaire, demographic  
questionaire and asks for questions. 
3.  PI explains the single-leg active straight leg raise. 
4.  Participant practices the single-leg active straight leg raise 5 times each leg.   
The participant will keep the low back flat against the table.  The leg being raised  
will be kept straight and the opposite leg will be kept flat on the table.    
5.  PI explains double straight leg lowering test. 
6.  Participant practices double straight leg lowering test 5 times.  The participant  
will keep the low back flat against the table.  The legs will be kept straight and the  
test is completed when the legs come in contact with the table.  The legs will be  
lowering 30° per second to the beat of a metronome. 20 
Table 3.  Electrode Pad Placement 
Muscle  Direction of Pad Placement  Location of Pad Placement 
Transverse 
Abdominis/Internal 
Oblique 
Horizontal  2 cm inferomedial to the 
ASIS within a triangle 
outlined by the inguinal 
ligament, the lateral border 
of the rectus sheath, and a 
line connecting the ASISs.
29 
External Oblique  Oblique angle  5 cm superior to the iliac 
crest
29 
Lower Rectus 
Abdominis 
Vertical  8 degrees from vertical in the 
inferomedial direction and 
centered on the muscle belly 
near the midpoint between 
the umbilicus and the pubic 
symphysis and 3cm lateral 
from the midline
29 21 
Table 4.  Sequence of Data Collection Session Procedures 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
   
1.  Participant enters the Neuromechanics Lab in the Applied Medicine Research   
Center. 
2.  PI gives participant a demographic questionnaire to fill out and asks for  
questions. 
3.  Participant exposes trunk for preparation of electrode pads. 
4.  PI debrides skin with fine sand paper and alcohol wipes. 
5. Electrodes are placed over the TrA/IO, external oblique, and lower rectus  
abdominis.  (specific placement in Table 3). 
6.  The Myomonitor IV Surface EMG unit will be turned on. 
7.  The participant’s electrodes will be attached to the EMG machine. 
8.  The participant will perform one of the two tasks, depending on which  
counterbalance group they are in.  A total of six trials will be performed.  The first  
three trials in each test will not be recorded.  The trials will be used to  
refamiliarize the participant to the tests being performed. 
9.  The peak and mean EMG results will be recorded. 22 
Table 5.  Significance in Mean EMG Values Between Tasks 
Mean EMG (SEM)  All values are presented in 10
-6 
  Muscle           
Task  R TrA/IO  L TrA/IO  R EO  L EO  R RA  L RA 
RASLR 
23.7‡ 
(2.41) 
16.4  
(3.00) 
10.9* 
(1.24) 
16.5* 
(2.37) 
8.57* 
(1.07) 
7.92* 
(1.27) 
LASLR 
16.5‡ 
(2.57) 
28.2  
(3.38) 
14.4† 
(2.23) 
13.2† 
(1.95) 
7.30† 
(0.918) 
15.0 
(5.54) 
DSLL 
17.8 
(1.81) 
19.8 
(2.38) 
2.5.2*† 
(4.71) 
28.8*† 
(4.54) 
22.4*† 
(4.34) 
32.4* 
(11.6) 
             
* DSLL > RASLR   
† DSLL > LASLR   
‡ RASLR > LASLR   
  LASLR > 
RASLR   
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Table 6.  Significance in Peak EMG Values Between Tasks 
Peak EMG (SEM)  All values are presented in 10
-6 
  Muscle           
Task  R TrA/IO  L TrA/IO  R EO  L EO  R RA  L RA 
RASLR 
717.0 
(10.4) 
44.3‡  
(8.19) 
34.4*† 
(5.2) 
49.1*† 
(8.09) 
22.8*† 
(3.9) 
19.8 
(3.5) 
LASLR 
55.1 
(12.4) 
91.1‡  
(15.3) 
42.3 
(7.89) 
39.6 
(7.46) 
19.3 
(3.94) 
104.0 
(69.1) 
DSLL 
54.2 
(5.49) 
57.4 
(6.9) 
77.1*† 
(15.9) 
84.7*† 
(13.5) 
62.9*† 
(11.7) 
161.0 
(96.0) 
             
*DSLL > RASLR 
† DSLL > LASLR 
‡ LASLR > RASLR 
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Figure 1.  Mean EMG Muscle Activation 25 
Figure 2.  Peak EMG Muscle Activation 
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Figure 3.  ASLR Starting Position 
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Figure 4.  ASLR Task 
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Figure 5.  ASLR Task 
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Figure 6.  ASLR Ending Position 
 
 
 30 
Figure 7.  DSLL Starting Position 
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Figure 8.  DSLL Task 
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Figure 9.  DSLL Task 
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Figure 10.  DSLL Ending Position 
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Figure 11.  Rectus Abdominis electrode placement 
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Figure 12.  Transverse Abdominis/Internal Oblique and External Oblique Electrode Placement 
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CHAPTER 1 
 
Introduction 
Low back pain is a debilitating condition for both general and athletic populations.  There 
are three different types of low back pain:  mechanical, acute, and chronic.  In 1990 physicians in 
the United States diagnosed 15 million patients with mechanical low back pain.
30  Between 15 
and 30 billion dollars was spent (wages, medical costs, and lost productivity) on low back pain 
annually in 1993, 1995, and 1996.
31  The estimated healthcare costs for low back pain alone in 
1998 was $90 billion.
32  Low back pain continues to be an increasing medical issue in the United 
States because 20% of the general population suffers from it annually, which increases 
healthcare costs.
33   
Low back pain is difficult to diagnose correctly.  Acute low back pain is only diagnosed 
correctly 2% of the time during the first physician’s office visit.
34  Although diagnostic accuracy 
increases the longer pain is present, the lack of accuracy increases healthcare costs.
35  Therefore, 
money could be saved if clinicians had more special tests to correctly diagnose low back pain the 
first time it is presented. 
Clinicians use a variety of special tests when evaluating a patient with low back pain, but 
there are few tests that can be considered the gold standard.  Although there is no gold standard, 
the active straight leg raise (ASLR) has been proven to be valid at assessing lumbo-pelvic 
stability.
7 24  It was validated using x-rays of the pelvic joints during an active straight leg raise.
24  
The double straight leg lowering (DSLL) test has been used as an advanced exercise for the 
abdominal musculature due to the large amount of coactivation of trunk muscles to stabilize the 37 
lumbar spine and pelvis.
20  Variations of the DSLL test have been shown to have good sensitivity 
and specificity.
36  If muscle activation measured during the ASLR and DSLL tests correlate, it 
may provide clinicians with another test to evaluate low back pain and begin treatments sooner. 
Electromyography (EMG) has been used in many studies to measure muscle activation 
during the ASLR and DSLL test.  Two synergy groups have been observed using EMG while 
performing the DSLL test.  Synergy Group I exhibited a high rectus abdominis and external 
oblique activity and low internal oblique activity.
20  Synergy Group II exhibited low rectus 
abdominis activation with high internal and external oblique activation.
20  Both synergy groups 
were observed in healthy male participants.
20  These two different groups suggest that in order to 
perform the DSLL test with control of the pelvic position, high levels of external oblique 
activation are needed but it can be completed with or without significant contribution of the 
rectus abdominis.
20  de F.N. Filho
13 observed that none of the participants in his study were able 
to keep the low back stabilized during the DSLL test even though they were young, healthy male 
athletes that were considered to have strong abdominal musculature.  His data showed that the IO 
had lower muscle activation than the rectus abdominis and EO from 70°to 0°.
13  The EO had the 
highest activation level during the DSLL test, which suggests it was the main stabilizer during 
this task.
13  During the ASLR, the highest activation was recorded in the right and left internal 
oblique at approximately 22% of maximum voluntary contraction (MVC).
7  The muscle 
activation for the external oblique and rectus abdominis were greater than 10% of the MVC 
during the ASLR.
7  While some patterns during these two tasks have been established 
individually using muscle activation data, there are no studies to my knowledge that compare the 
ASLR and the DSLL tests in the same individuals.  Therefore, the purpose of this study is to 38 
measure muscle activity of the transverse abdominis/internal oblique (TrA/IO), external oblique 
(EO) and lower rectus abdominis (LRA) during the ASLR and DSLL tests in healthy individuals. 
Experimental Hypotheses 
1.  The double straight leg lowering test will have greater mean and peak 
activation than the active straight leg raise test. 
2.  The muscle activation measured during the double straight leg lowering test 
will correlate with the active straight leg raise. 
3.  The muscle activation on the non dominant side will have greater mean and 
peak muscle activation than the dominant side during the active straight leg raise. 
Operational Definitions 
  The following definitions will be used in this study: 
•  Abdominal bracing—co-contraction or laterally flaring all of the abdominal 
muscles.
26 37 
•  Abdominal hollowing—drawing the navel in towards the spine or having the 
patient isometrically contract or “draw in” the abdominal wall without pelvic 
or spine movement.
26 37 
•  Active straight leg raise (ASLR)—participant is laying supine with the arms 
crossed over the chest and knees straight.  The participant will actively raise 
one leg to 90° while keeping the opposite leg in contact with the table and the 
knee of the leg being lifted straight. 
•  Acute low back pain—sudden onset of pain due to trauma, such as an athletic 
injury.
14  Symptoms usually subside within 10 to 20 days.
14 39 
•  Anatomical core—the axial skeleton and all soft tissues with a proximal 
attachment originating on the axial skeleton, regardless of whether or not the 
soft tissue inserts on the axial or appendicular skeleton.
38 
•  Chronic low back pain—pain that occurs for 3 months or longer after initial 
injury.
39 
•  Core—a box with the diaphragm on top, pelvic floor and hip girdle 
musculature on the bottom, abdominals in the front, and paraspinal and gluteal 
muscle in the back.
40 
•  Core stability— integration of the passive spinal column, active spinal 
muscles, and neural cord unit to maintain the intervertebral range of motion 
within a safe limit to enable ADLs.
41 
•  Core stability in a sporting environment--the ability to control the position and 
motion of the trunk over the pelvis to allow optimum production, transfer and 
control of force and motion to the terminal segment in integrated athletic 
activities.
42 
•  Core strength—the muscular control required around the lumbar spine to 
maintain functional stability and produce force through contractile forces and 
intra-abdominal pressure.
43-44 
•  Double straight leg lowering test (DSLL)—participant is laying supine with 
the arms across the chest and legs on the table with the knees straight.  The 
principle investigator will passively lift the legs to 90° of hip flexion.  
Participants will posteriorly tilt his/her pelvis by flattening the back against 40 
the table and lowering his/her legs in a controlled movement until they come 
back in contact with the table. 
•  Electromyography (EMG)—assessing the muscle activation of muscles during 
a given exercise.
45 
•  External oblique (EO)—muscle originating at the borders of the lower 8 ribs 
at the side of the chest, dovetailing with the serratus anterior and inserting at 
the anterior half of the crest of the ilium, inguinal ligament, crest of the pubis, 
and fascia of the rectus abdominis muscle.
46 
•  Internal oblique (IO)—muscle originating at the upper half of the inguinal 
ligament, anterior two-thirds of the crest of the ilium, and lumbar fascia and 
inserting at the costal cartilage of the eighth, ninth, and tenth ribs and the linea 
alba.
46 
•  Intra-abdominal pressure—the amount of pressure within the abdominal 
cavity. 
•  Lower rectus abdominis—muscle originating at the crest of the pubis and 
inserting at the cartilage of the fifth, sixth, and seventh ribs and the xiphoid 
process.
46 
•  Mechanical low back pain—exposing the lumbar spine to large compressive 
loads, causing degenerative changes in the intervertebral discs.
31 
•  Physically active—exercising a minimum of 3 times a week for 30 minutes.
25 
•  Posterior pelvic tilt—the maintenance of a low flat back during abdominal 
exercise to stabilize the lumbar spine and prevent injuries.
47 41 
•  Transverse Abdominis (TrA)—muscle originating at the outer third of the 
inguinal ligament, inner rim of the iliac crest, and inner surface of the 
cartilage of the lower 6 ribs and lumbar fascia and inserting at the crest of the 
pubis and the iliopectineal line, abdominal aponeurosis to the linea alba.
46 
Assumptions 
The researchers are under the following assumptions: 
  1.  All participants will provide accurate information. 
  2.  All participants will abide by the study requirements. 
3.  All participants will perform the tasks of the study to the best of his/her 
abilities. 
4.  A concentric and eccentric contraction will produce the same type of muscle 
activation. 
5.  Comparisons can be made between a concentric and eccentric contraction. 
6.  The delay for measuring muscle activation with wireless EMG will be the 
same for each participant. 
7.  Comparisons can be made between a single leg test and a double leg test. 
8.  The participants will not use any compensatory strategies while performing the 
two tasks. 
Delimitations 
The following restrictions have been imposed on this study: 
  1.  All subjects will be physically active. 
2.  Healthy individuals with a minimum of 90° of hip flexion as measured 
actively and passively by a goniometer. 42 
3.  All subjects will be free of any cardiovascular or neurological disorder. 
4.  All subjects will not have been pregnant within the last year. 
5.  All subjects will not have had a low back, abdominal, or hip injury within the 
last year. 
6.  All subjects will not have had abdominal or hip surgery within the last 2 years. 
7.  Muscle activity will be measured by the Myomonitor IV. 
Limitations 
1.  Individual muscle activation between the transverse abdominis and internal 
oblique can not be determined. 
2.  Surface EMG is an estimation of the muscle activation of muscle fibers only 
underneath the electrode.   
3.  The active straight leg raise and the double straight leg lowering test are tests 
that have varying levels of difficulty. 
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CHAPTER 2 
 
Literature Review 
Search Strategy 
The CINAHL, SPORTDiscus, and Medline databases were used to search journals using 
the following key words singularly or in combination:  acute low back pain, chronic low back 
pain, mechanical low back pain, core strength, core stability, abdominal bracing, abdominal 
hollowing, abdominal draw in maneuver, abdominal muscles, thigh muscles, erector spinae, 
hamstring flexibility, abdominal strength, double straight leg lowering test, active straight leg 
raise, Pelvic Cross Syndrome, muscle activation, electromyography, lumbar lordosis, pelvic tilt, 
flexibility, internal oblique, external oblique, transverse abdominis, rectus femoris, vastus 
lateralis, vastus medialis, medial hamstring, lateral hamstring, Milgram test, eccentric 
contraction, concentric contraction, and isometric contraction.  The reference lists of articles 
used in the literature review were also used to locate additional sources.   
Low Back Pain 
Mechanical Low Back Pain 
One of the most common risk factors of mechanical low back pain is manual material 
handling (lifting, lowering, pushing, and  pulling).
31  The lumbar spine is exposed to large 
compressive loads which can lead to degenerative changes in intervertebral discs.
31  A typical 
lifting movement can be divided into two phases, a loading phase and a lifting phase.
31  The 44 
loading phase occurs when the subject places a vertical force on an object until it moves.
48  
Vertical displacement of an object by the subject is referred to as the lifting phase.
48  In an 
athletic population, mechanical lifting occurs during weight training due to the lifting, lowering, 
pushing, and pulling motions that the activity requires.  Differences in trunk muscle recruitment 
or neuromuscular control has been observed in mechanical low back pain patients.
9 49-51  Changes 
in the muscle recruitment patterns are adaptations to an underlying spinal instability that is a 
byproduct of various predisposing factors (osteoligamentous laxity or damage, muscle 
dysfunction, or reduced neuromuscular control).
41 52  Cumulative compressive and torsional 
loads that occur during bending and lifting contribute to the development of low back pain and 
low back disorders.
31 53  Even though mechanical low back pain is a very common problem in 
social and work related activities, the exact cause has yet to be determined.
54 
Acute Low Back Pain 
Acute low back pain is defined as pain that subsides in less than 3 months after initial 
injury.
39   A sudden onset due to trauma, such as athletic injuries or activities of daily living with 
an older population can also be defined as acute low back pain.
55  One common presentation of 
lumbo-pelvic pain is unilateral pain over the sacroiliac joint.
12  Injury (failure of the tissues) 
occurs when a load is applied that exceeds the failure tolerance (strength of the tissue).
55  Injury 
to the tissue generates pain.
55  Symptoms that are associated with acute low back pain usually 
subside within 10 to 20 days after the onset.
14 
Chronic Low Back Pain 
Chronic low back pain is defined as pain that occurs for 3 months or longer after initial 
injury.
39  The most common mechanisms of injury for chronic low back pain occur when the 
spine is repetitively flexed, extended and/or during torsional movements of the lumbar spine.
56-60  45 
Prolonged pain and injury lead to the use of compensatory strategies.
61  These strategies can 
result in core muscle atrophy, loss of spine flexibility, and altered spine biomechanics.
61  Those 
that suffer from bouts of acute back pain will have repeated episodes which often lead to chronic 
low back pain.
62-65  Decreased hamstring, low back, hip, and lateral torso flexibility are factors 
that have been linked to chronic low back pain.
14  Chronic low back pain can result from 
cumulative trauma from repetitive submaximal loads.
55  Accumulated trauma produced by 
repeated application of a relatively low load or a constant load for a long period of time may 
result in injury.
55  The repetitive application of these types of loads at submaximal levels produce 
slow degeneration in strength of the tissue.
55  The ability of tissues to absorb shock decreases 
when tissues are exposed to submaximal loads over long periods of time.
55  Tissue deformation 
over time leads to a progressive decrease in tissue strength.
55   
Causes of Low Back Pain 
Lumbar Lordosis 
Increased lumbar lordosis has been linked to low back pain.  Prolonged sitting and weak 
abdominal musculature contribute to low back pain.
66  A decrease in lumbar lordosis contributes 
to low back pain due to posterior displacement of the nucleus pulposus in the lumbar spine.
67  It 
has been hypothesized that certain muscle impairments in the lumbo-pelvic region may produce 
exaggerated lumbar lordosis, which may lead to chronic low back pain.
68  These muscle 
impairments consist of decreased flexibility of the hip flexor and back extensor muscles and 
weakness of the abdominal and hip extensor muscles.
68  Although these theories have been 
investigated, no significant relationship has been observed between the amount of lumbar 
lordosis and the development of low back pain.
69-74 
Leg Length Discrepancy 46 
Leg length discrepancies can contribute to low back pain because it causes an unequal 
transmission of force in the spine during weight bearing activities.
34  When an athlete performs 
dynamic, sports related activities, the unequal forces are accentuated while the stresses are 
transmitted through the kinetic chain.  This is increased due to accelerated body mass.
34  Leg 
length inequality contributes to low back pain because it causes lateral pelvic tilt and lumbar 
scoliosis.
75-76  Leg length discrepancy is also believed to cause an anterior innominate rotation 
with the shorter leg and a posterior innominate rotation with the longer leg, which is thought to 
cause sacral tilt.
77-78  
Strength Deficits 
Abdominal and gluteal muscles tend to be inhibited or weakened by overuse or a 
response to dysfunction.
68  The Pelvic Cross Syndrome theory suggests that weakness is present 
in the abdominals and hip extensors.
68  Back extensor strength deficits, mainly the multifidus, 
and abdominal musculature have been linked to chronic low back pain in several studies.
34 36 79-80  
Due to the anatomic position and function of the abdominal musculature, weakness can produce 
an anterior pelvic tilt and lumbar hyperlordosis.
81-82  Several studies demonstrated individuals 
with weak abdominal muscles experience low back pain.
14-17 83  However, no difference has been 
observed in abdominal muscle strength between symptomatic (low back pain) and healthy 
individuals.
84-87  Additional studies have shown no relationship between abdominal strength, 
angle of pelvic inclination and lumbar lordosis.
74 88-89  It has been suggested a lack of strength in 
the trunk and hip may predispose an athlete to low back and lower extremity injuries.
90 
Back Extensor Endurance 
The back extensor muscles are responsible for helping individuals maintain posture while 
they stand upright, and flex the lumbar spine.
54  Studies have supported that erector spinae 47 
endurance is thought to have a significant role in chronic low back pain.
62 91-95  Individuals with 
greater erector spinae muscle endurance experienced less low back pain than individuals with 
poor erector spinae muscle endurance.
14  Malalignment of the vertebrae places an abnormal load 
on the spine.
14  This can lead to weakness in the erector spinae musculature.
14   
Ashmen
14 stated that altered EMG activity indicates inefficient firing patterns and 
accelerated fatigue of the back extensor muscles.  Inefficient firing patterns and accelerated 
fatigue have been hypothesized to cause low back pain because the soft tissue and passive 
structures of the lumbar spine are overloaded.
96-97 
Muscle Length 
Improper muscle length is thought to influence low back pain.
54  Decreased iliopsoas 
muscle length has been observed in patients with low back pain.
98  Since the iliopsoas is attached 
to the pelvis and lumbar spine, the tightness of this muscle can increase lumbar lordosis.
54  
However, recent studies have shown there is no association between iliopsoas muscle length and 
lumbar lordosis
74 99, lumbar curve and low back pain
69-74, and tightness in the iliopsoas and low 
back pain.
100 
Muscle Imbalances 
Pelvic Cross Syndrome 
Certain patterns of combined muscle impairments in the lumbo-pelvic area may result in 
low back pain due to the increase in lumbar lordosis.
68  Jull and Janda
68 have developed this 
pattern of muscle impairments and have labeled it “Pelvic Cross Syndrome.”  Researchers have 
categorized muscle imbalances into two groups based on their function:  postural and phasic.  
The postural group includes the hip flexors, back extensors, and hamstrings.
68  The phasic 
muscle group includes the abdominals and the gluteal musculature.
68  These impairments usually 48 
occur in response to dysfunction or overuse and are most commonly seen when the phasic 
muscles are inhibited or weakened and the postural muscles have decreased flexibility.
68   
In Pelvic Cross Syndrome (PCS), the impaired muscle pattern is characterized by the lack 
of flexibility in the hip flexors and back extensors and the weakness of the abdominal and hip 
extensor musculature.
68  Nourbakhsh
68 assessed the degree of lumbar lordosis, strength of 
abdominal and gluteal muscles, and length of hip flexors, back extensors, and hamstrings in 
participants with and without chronic low back pain.   This study determined whether or not 
there was a significant difference in the degree of lumbar lordosis in participants with the PCS 
muscle impairment patterns and assessed for differences in the degree of lumbar lordosis, muscle 
strength, and muscle shortness between those with and without chronic low back pain.
68  The 
final thing the study assessed was the possibility of significant difference in hamstring muscle 
length between the participants with and without the Pelvic Cross Syndrome muscle impairment 
patterns.
68  A difference in abdominal and gluteal strength and in back extensor and hamstring 
muscle length was observed between participants with and without chronic low back pain.
68  
This may indicate that muscle imbalances are related to the cause of low back pain, but most 
likely not to the degree of lumbar lordosis as suggested by the PCS theory.
68  A lower degree of 
lumbar lordosis was observed in participants with low back pain as compared to those without 
low back pain, although it was not significant (p = 0.45).
68  The study did not find a significant 
difference in the degree of lumbar lordosis in participants with and without short hamstrings in 
the groups of different muscle impairment patterns.  However, there was a significant difference 
(p = 0.01) in hamstring muscle length between participants with and without low back pain.
68  
 
 49 
Injury Prevalence 
Risk Factors 
Low back pain is a debilitating condition in both general and athletic populations.  In 
1990, 15 million physician office visits in the United States were for mechanical low back pain.
30  
This accounts for 2.8% of all office visits to a physician.
30  Back pain was reported in 85% of the 
general population, however, it was only present in five to eight percent of the athletic 
population.
34  Approximately 70 to 80% of the general population has at least one episode of low 
back pain during their lifetime.
54 101  A large percentage (30-70%) of those having an episode of 
acute low back pain will end up having repeated episodes of low back pain.
14  Individuals who 
have suffered from a lower extremity overuse or ligamentous injury are at a greater risk of low 
back pain within the year following the injury.
101  An epidemiological study done in 2004 
estimated a 19% incidence rate of chronic pain along the spine, along with a 29% lifetime rate.
102  
A lifetime recurrence rate of low back pain of up to 85% has been observed previously.
103  Back 
and spine impairments are more common in women (70.3 per 1000) than in men (57.3 per 1000), 
although men have a higher risk of injury recurrence.
30  Individuals between 25 and 44 years of 
age have the highest rate of injury recurrence.
30 Differences in injury risk were reported between 
ethnic groups.  Low back pain was more common in Caucasians (68.7 per 1000) than African 
Americans (38.7 per 1000).
30  Back and spine impairments resulted in over 185 million days of 
restricted activity in 1988.
30  That  averaged to be 21 days per impairment.
30  Eighty-three 
million of those days individuals were confined to bed rest.
30   
Although acute low back pain is a common injury, the correct diagnosis is established 
only 2% of the time in the first diagnosis.
34  Diagnostic accuracy climbed to 15% if the pain was 
present for six weeks and 30% if the pain continued for 6 months.
35  However, approximately 50 
66% of those with low back pain are relatively symptom free and able to function at work or in 
sports in 2 weeks after initial injury and 88% were doing well six weeks later.
104   
Annual Expenditures on Low Back Pain 
It was reported that between 15 and 30 billion dollars are lost in wages, medical costs, 
and lost productivity each year in the United States.
31  In 1998, one study estimated that 
healthcare costs associated with back pain alone in the United States was more than $90 billion.
32 
Rehabilitative Exercise for Low Back Pain 
The goal of dynamic stability exercises is to improve the neuromuscular control needed 
to stabilize the spine against perturbations with movement and during activities of daily living 
(ADLs).
105-106  Proper sequencing of muscle activation, coactivating synergistic muscles, and 
restoring muscle strength and endurance to trunk stabilizer muscles should be stressed during 
dynamic stability exercises.
107  Functional, or dynamic stability exercises have been shown to 
decrease the amount of movement in the center of gravity in response to muscle activity.
108  A 
variety of exercise are used by clinicians to increase or maintain dynamic stability.  The 
following exercises will be discussed in greater detail below:  pelvic tilt, spine flexion, spine and 
hip flexion, quadruped, and abdominal bracing/hollowing/draw-in maneuver. 
Pelvic Tilt 
The maintenance of a flat low back, also known as posterior pelvic tilt, during exercises 
is an important factor in the neuromuscular control of the low back and prevention of low back 
pain because this position helps to stabilize the low back and avoid injuries.
47   
The rectus abdominis and external oblique have been shown to be substantially active 
during pelvic tilt and other exercises that move the spine.
26  Akuthota and Nadler
43 stated pelvic 
tilt exercises are used less often now than in the past because they may increase spinal loading.   51 
Exercises Using Spine Flexion/Spine and Hip Flexion 
The risk of lumbar injury greatly increases when the spine is fully flexed.
109  Traditional 
sit-ups may be unsafe because they cause increased compression loads on the lumbar spine.
110  
Nachemson and Elfstrom
111 observed that full trunk flexion results in compressive forces at the 
third lumbar intervertebral disc of 10 kg. 
Since there is support that have demonstrated that spine and hip flexion exercises result in 
high compressive forces on the lumbar spine, McGill
112 came up with a mathematical equation to 
assess the compressive load of the lumbar spine while performing abdominal exercises while the 
spine and hip are flexed.  Therefore, these types of exercises are not recommended because the 
compressive load that occurs during this type of exercise can be more than 3,000 N.
112   
One study that analyzed pelvis and spine displacement suggested that the decrease in 
abdominal EMG during spine and hip flexion exercises occurs with the start of pelvic 
displacement.
113 
Quadruped Exercises 
Quadruped exercises activate the obliques significantly more than the rectus 
abdominis.
114  This suggests that oblique muscle activation is needed to control rotary movement 
in the spine that occurs during the raising and lowering of contralateral and ipsilateral limbs.
114  
The low activity level of the rectus abdominis during quadruped exercises indicates that it was 
not functionally active and did not contribute to pelvic stability during this type of exercise.
114 
Abdominal bracing/hollowing/draw in 
Abdominal bracing, hollowing, and draw in are key components to the study of low back 
pain and activation of abdominal musculature.  Abdominal hollowing is the contraction of the 
navel towards the spine and having the patient isometrically contract or “draw-in” the abdominal 52 
wall without movement of the pelvis or spine.
26 37  Monfort-Pantego et. al
113 defined abdominal 
hollowing as “hollowing the lower abdomen by drawing the navel up and in toward the spine and 
maintaining the lumbar spine in a neutral position.”  Abdominal bracing is laterally flaring the 
abdominals or co-contraction of all abdominal musculature.
26 37  Monfort-Pantego et. al
113 
defined abdominal bracing as “contracting the entire abdominal wall without any change in the 
position of the muscles and maintaining the lumbar spine in a neutral position.”  
Differences between abdominal hollowing/bracing/draw in 
Abdominal bracing is different from abdominal hollowing because the bracing involves 
activation of multiple core muscles (rectus abdominis, internal oblique, external oblique, 
latissimus dorsi, thoracic and lumbar erector spinae, and multifidus) to a level that increases the 
stiffness of the torso.
115  The three layers of the abdominal wall (external oblique, internal 
oblique, and transverse abdominis), along with the rectus abdominis are activated during 
abdominal bracing.
7   The back extensors are also activated during abdominal bracing, which 
further enhances torso stiffness.
115  No drawing in of the navel is performed during abdominal 
bracing.
7 
Abdominal hollowing has been suggested as a good way to recruit the transverse 
abdominis and increase stability.
115  When combined with a simple curl exercise, abdominal 
hollowing is effective in recruitment of the transverse abdominis and internal oblique. 
37  
Abdominal hollowing exercises produced significantly lower EMG activity in the rectus 
abdominis and external oblique than exercises using pelvic tilt.
26  Hollowing and bracing 
performed with more complex trunk movements were less effective in the recruitment of the 
transverse abdominis and internal oblique.
37  It has been suggested abdominal hollowing may be 
more useful in patients with spinal instability and an altered motor pattern.
37  Abdominal bracing 53 
may be better for stabilization training in healthy individuals.
113  In one study done by Greiner 
and McGill,
115 simulation data supported in vivo data by showing that hollowing was not as 
effective as bracing for increasing lumbar spine stability.  Bracing improved lumbar spine 
stability over hollowing  by 32%.
115  Richardson et al.
11 investigated the effect of bracing and 
hollowing on sacroiliac joint laxity during a nonfunctional task and showed that both hollowing 
and bracing improved stiffness, but hollowing was concluded to be better. 
Muscle Activation 
Activation of the transverse abdominis and internal oblique occurs with both abdominal 
hollowing and abdominal bracing.
37  The strategy of recruiting the transverse abdominis through 
abdominal hollowing has been suggested as an effective way to increase spine stability.
115  There 
are some findings that have suggested that the fact that the transverse abdominis is recruited later 
when low back pain patients activate their abdominal muscles, it could be linked to an unhealthy 
or unstable spine.
115  The transverse abdominis may be activated independently at low levels (1 
to2% of maximum voluntary contraction) but at higher levels with patients performing tasks that 
require spine stability, the transverse abdominis was shown to be a synergist of the internal 
oblique.
115 
A recent study
116 reported that abdominal hollowing and specifically attempting to 
activate the transverse abdominis actually reduces the effectiveness of the exercise being 
performed.  The subjects in one study had difficulty activating solely the transverse abdominis 
while performing tasks at a functional level.
115  This may suggest that in attempting to perform 
abdominal hollowing may result in some degree of abdominal bracing.
115  Two studies
117 
118 
have shown that the transverse abdominis contracts during low abdominal hollowing with little 
or no contraction of the internal oblique, external oblique, and rectus abdominis.  In a study done 54 
by Liebenson et. al,
7 muscle activation that occurs during abdominal bracing was shown to 
significantly reduce the center of pressure movement and lumbar spine rotation in addition to 
increasing spine rotational stiffness during an active straight leg raise test.  Liebenson et al
7 
measured EMG activity of the external and internal obliques during an active straight leg raise 
test with and without abdominal bracing.  Muscle activation of each muscle recorded during this 
test without abdominal bracing was less than 10% maximum voluntary contraction (MVC).
7  
When the active straight leg raise was performed with abdominal bracing, the average activation 
level was increased and significant in both muscles.
7  The highest activation levels during the 
active straight leg raise with abdominal bracing were recorded in the right and left internal 
oblique at approximately 22% MVC.
7  The external oblique recorded muscle activation of 
greater than 10% on both the right and left side during the active straight leg raise with 
abdominal bracing.
7  Since abdominal bracing is involved in the stiffening of the lumbar spine, 
pain that is reduced by abdominal bracing could be located in the lumbar spine, sacroiliac joint, 
or pelvis when a lack of stability is present.
7 
One study assessed trunk muscle recruitment between asymptomatic individuals and two 
subgroups of chronic low back pain patients during a forward reaching task and observed that 
there were differences in activation strategies between the asymptomatic and chronic low back 
pain groups.
10  Muscle activation was higher in the chronic low back pain group with a 
significantly higher activation of the rectus abdominis.
10 
Intra-abdominal Pressure 
Increased intra-abdominal pressure experienced during lifting in those people who 
experience back pain does not have a direct role in decreasing spinal compression or helping 
extensor movement.
55  It does, however, prevent buckling which prevents tissue strain and 55 
failure.
55  When intra-abdominal pressure is increased, abdominal wall activity also increases, 
which stabilizes and stiffens the lumbar spine.
115  Greiner and McGill
115 observed that intra-
abdominal pressure makes a significant contribution to stiffness, especially with the spine in a 
neutral posture.  The transverse abdominis is thought to be the main abdominal muscle 
responsible for generating intra-abdominal pressure.
117 
119-122  The abdomino-pelvic cavity is 
considered a flexible, pressurized cylinder and the coordinated action of the muscles surrounding 
the cylinder generate and control intra-abdominal pressure.
123 
Lumbar Spine Stabilization  
Stability and movement of the spine are critically dependent on the coordination of all the 
muscles surrounding the lumbar spine.
43  Stability of the spine requires both passive and active 
stiffness.
43  Passive stiffness occurs through the osseous and ligamentous structures while active 
stiffness was maintained by muscles.
43  An instability of the spine occurs when one of these 
components of stiffness is disturbed.
43  Gross instability is a true displacement of the vertebrae.
43  
Functional instability is defined as a relative increase in which the range of internal resistance 
from active muscular control is minimal.
124 
Co-contraction of the transverse abdominis and internal oblique stabilizes the lumbar 
spine by keeping it in a neutral position.
37  It has been hypothesized that muscular endurance is 
more important than absolute muscle strength for proper stabilization because there is a low 
percentage of muscular force that is used to stabilize the spine during daily activities.
55 Spinal 
stability depends heavily on the musculature because if the trunk is stripped of muscular support 
and is forced to rely on passive stability (ligaments and bone), the spine will collapse under a 
load of 20 pounds.
125  Athletes in one study were unable to keep the low back stabilized while 
performing a double straight leg lowering test, even though they were considered to have strong 56 
abdominal muscles.
13  Dynamic instability of the spine has been associated with lack of strength 
and endurance of the trunk stabilizing muscles.
126     
Contributing Factors to Core Strength 
Definition of the Core 
The definition of the “core” isn’t clear because it varies by study to include the shoulders, 
trunk, hips, and upper leg.
55 127-128   Anatomical core has been defined as the axial skeleton and 
all soft tissues with a proximal attachment originating on the axial skeleton, regardless of 
whether or not the soft tissue inserts on the axial or appendicular skeleton.
38  The core has been 
described as a box with the diaphragm on the top, the pelvic floor and hip girdle musculature on 
the bottom, abdominals in the front, and paraspinal and gluteal muscles in the back.
40  The 
musculature of the core is needed for the spine to freely move throughout its entire range of 
motion and it serves as a functional center of the kinetic chain by connecting the upper and lower 
extremities.
61  During athletic movements, energy from the lower extremity is transferred from 
the torso up into the upper extremity.  Bergmark’s
27 model of “local” and “global” muscles help 
to summarize the energy transfer through the kinetic chain.  “Local” muscles are those muscles 
with attachments to the lumbar vertebrae and control the curvature of the spine.
27  “Local” 
muscles also give sagittal and lateral stiffness to the lumbar spine to maintain mechanical 
stability.
27  “Global” muscles (erector spinae, internal and external obliques, rectus abdominis, 
quadratus lumborum, latissimus dorsi, and psoas) are muscles with attachments to the hips and 
pelvis which directly transfer the load between the thoracic cage and pelvis due to where they 
originate and insert on the body.
27  The core tends to work as a muscular corset that will work as 
a unit to stabilize the body and spine during limb movement.
43  The following table (Table 1) 
gives a detailed explanation of the muscles of the core. 57 
Table 1.  
Anatomy of the Core  
Muscle  Origin
46  Insertion
46  Primary Action
46 
Diaphragm  Circumference of 
thoracic inlet from the 
xiphoid process, costal 
cartilage 6-12, and 
lumbar vertebrae 
Central tendon of 
the diaphragm 
Depresses and 
draws central 
tendon forward 
in inhalation, 
increases IAP 
Iliocostalis  Thoracolumbar 
aponeurosis from 
sacrum, posterior ribs, 
and medial iliac crest 
Iliocostalis:  
posterior ribs, 
cervical transverse 
processes 
Extension and 
lateral flexion of 
the spine 
Longissimus  Thoracolumbar 
aponeurosis from 
sacrum, lumbar and 
thoracic transverse 
processes 
Cervical and 
thoracic transverse 
processes, mastoid 
process, lower 9 
ribs 
Extension and 
lateral flexion of 
the spine 
Spinalis  Ligamentum nuchae, 
cervical, thoracic, and 
lumbar spinous 
processes 
Cervical and 
thoracic spinous 
processes, 
occipital bone 
Extension and 
lateral flexion of 
the spine 
Rectus Abdominis  Crest of the pubis  Cartilage of the 
fifth, sixth, and 
seventh ribs and 
the xiphoid 
process 
Lumbar flexion 
External Oblique  Borders of the lower 8 
ribs at the side of the 
chest, dovetailing with 
the serratus anterior  
Anterior half of 
the crest of the 
ilium, the inguinal 
ligament, the crest 
of the pubis, and 
the fascia of the 
rectus abdominis 
muscle at the 
lower front 
Lumbar flexion 
Right side: 
lumbar lateral 
flexion to the 
right and rotation 
to the left 
Left side: lumbar 
lateral flexion to 
the left and 
rotation to the 
right 
Internal Oblique  Upper half of the 
inguinal ligament, 
anterior two-thirds of 
the crest of the ilium, 
and lumbar fascia 
Costal cartilage of 
the eighth, ninth, 
and tenth ribs and 
the linea alba 
Lumbar flexion 
Right side: 
lumbar lateral 
flexion and 
rotation to the 
right 
Left side: lumbar 58 
lateral flexion 
and rotation to 
the left 
Transverse 
Abdominis 
Outer third of the 
inguinal ligament, inner 
rim of the iliac crest, 
inner surface of the 
cartilage of the lower 6 
ribs and lumbar fascia 
Crest of the pubis 
and the 
iliopectineal line, 
abdominal 
aponeurosis to the 
linea alba 
Forced 
expiration by 
pulling the 
abdominal wall 
inward 
Quadratus 
Lumborum 
Posterior inner lip of the 
iliac crest 
Approximately 
one half the length 
of the lower border 
of the 12
th rib and 
the transverse 
process of the 
upper four lumbar 
vertebrae 
Lateral flexion to 
the side on which 
it is located 
Stabilizes the 
pelvis and 
lumbar spine 
Iliacus  Inner surface of the 
ilium 
Lesser trochanter 
of the femur and 
the shaft just 
below 
Hip flexion 
Psoas Major  Lower borders of the 
transverse processes 
(L1-L5), sides of the 
bodies of the T12,  L1 to 
L5, intervertebral 
fibrocartilages, and base 
of the sacrum 
Lesser trochanter 
of the femur and 
the shaft just 
below 
Hip flexion 
Psoas Minor  Lower borders of the 
transverse processes 
(L1-L5), sides of the 
bodies of the T12,  L1 to 
L5, intervertebral 
fibrocartilages, and base 
of the sacrum 
Pectineal line and 
iliopectineal 
eminence 
Hip flexion 
Gluteus Maximus  Posterior one-fourth of 
the iliac crest, posterior 
surface of the sacrum 
and coccyx near the 
ilium, fascia of the 
lumbar area 
Oblique ridge on 
the lateral surface 
of the greater 
trochanter and the 
iliotibial band of 
the fasciae latae 
Hip extension 
Posterior pelvic 
tilt 
Gluteus Medius  Lateral surface of the 
ilium just below the 
crest 
Posterior and 
middle surfaces of 
the greater 
trochanter  
Hip abduction 
Anterior fibers: 
hip flexion 
Posterior fibers: 
hip extension 59 
Gluteus Minimus  Lateral surface of the 
ilium just below the 
origin of the gluteus 
medius 
Anterior surface of 
the greater 
trochanter  
Hip abduction 
Hip flexion 
Rectus Femoris  Anterior inferior iliac 
spine of the ilium and 
groove above the 
acetabulum 
Superior aspect of 
the patella and 
patellar tendon to 
the tibial 
tuberosity 
Hip flexion to 
90° 
Knee extension 
Vastus Lateralis  Intertrochanteric line, 
anterior and inferior 
borders of the greater 
trochanter, gluteal 
tuberosity, upper half of 
the linea aspera and 
entire lateral 
intermuscular septum 
Lateral border of 
the patella and 
patellar tendon to 
the tibial 
tuberosity 
Knee extension 
Vastus Intermedius  Upper two-thirds of the 
anterior surface of the 
femur 
Upper borders of 
the patella and 
patellar tendon to 
the tibial 
tuberosity 
Knee extension 
Vastus Medialis  Whole length of the 
linea aspera and the 
medial condyloid ridge 
Medial half of the 
upper border of the 
patella and patellar 
tendon to the tibial 
tuberosity 
Knee extension 
Semitendinosus  Ischial tuberosity  Anterior medial 
surface of the tibia 
just below the 
condyle 
Hip extension 
Knee flexion 
Semimembranosus  Ischial tuberosity  Posteromedial 
surface of the 
medial tibial 
condyle 
Hip extension 
Knee flexion 
Biceps Femoris  Long head: ischial 
tuberosity 
Short head: Lower half 
of the linea aspera, and 
the lateral condyloid 
ridge 
Lateral condyle of 
the tibia and the 
head of the fibula 
Hip extension 
Knee flexion 
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Core Strength Definition 
Core strength is defined as the muscular control required around the lumbar spine to 
maintain functional stability.
43  Core strength has also been defined as the ability of the 
musculature to produce force through contractile forces and intra-abdominal pressure.
44  The 
difference between these two definitions is that the first is a static while the second is dynamic.  
Core muscle endurance seems to be more important than core strength because in normal 
circumstances only a small amount of maximal contraction, approximately 10%, is needed to 
provide segmental stability.
55  The core serves as the center of the functional kinetic chain.
43  
Comprehensive strengthening of the muscles of the core have been advocated as one way to 
prevent and rehabilitate injuries and musculoskeletal disorders to the lumbar spine and enhance 
athletic performance.
43 
Flexibility 
Hamstrings 
Hamstring tightness is one of the most common factors found in individuals with low 
back pain.
77 81 98 129-133  Some studies suggested that hamstring tightness creates a posterior pelvic 
tilt and a decrease in lumbar lordosis due to their attachment on the ischial tuberosity.
77 81 98 129 133  
However, Hellsing
100 performed a study in which 600 individuals were examined for hamstring 
and psoas major tightness relating to low back pain. It was concluded there was no association 
between hamstring tightness and low back pain.
100  Van Wingerden et al
134 suggested that in 
patients with low back pain, hamstring tightness is used as a compensatory mechanism to offset 
pelvic instability. 
 
 61 
Hip Flexors 
In a study done by de F.N. Filho et. al, 
13 16 male athletes were asked to perform a 
posterior pelvic tilt, however, only 28% were able to generate 75% of the pressure needed to 
flatten the low back completely.
13  Each of the subjects in this study presented with hip flexor 
muscle tightness that may have decreased their ability to perform the posterior pelvic tilt.
13  A 
tight psoas will cause increased compressive  loads that cause injury to the disks of the lumbar 
vertebrae.
43 
Low Back 
Correcting spinal inflexibilities has been advocated as an important factor of 
rehabilitation of the spine.
61  Decreased lumbar range of motion and maximal extension were 
predictive of increased low back pain in women but not in men.
135   
In contrast, in a study done by Kuukkanen and Malkia, it was suggested that flexibility 
did not play a role in overall functional ability in patients with less severe low back pain.
136  
Some authors have suggested that aggressive attempts to increase lumbar flexibility could cause 
unnecessary stress on structures such as the pars interarticularis or the intervertebral discs.
135  
These stresses are bad because it could contribute to the onset of mechanical low back pain.   
Internal & External Obliques/Hip Abductors & Adductors 
The internal and external obliques are lateral trunk flexors and are believed to be key 
trunk stabilizers.
57 64 94 137-139  The primary role of the obliques are to reinforce the fascia of the 
erector spinae by pulling it laterally.
138  Unilateral reduction in flexibility of the obliques results 
in asymmetrical forces on the lumbar fascia and can lead to low back pain.
14  62 
Hip abductors and adductors play a significant role in the lateral stabilization of the 
pelvis.  If there is any type of imbalance in these muscles due to a shortening or weakness, it may 
lead to pelvic obliquity and functional lateral lumbar bending.
54 
Core Stability/Training 
Core stability is the integration of the passive spinal, active spinal muscles, and neural 
cord unit to maintain the intervertebral range of motion within a safe limit to perform activities 
of daily living.
41  Core stability in a sporting environment is defined as the ability to control the 
position and motion of the trunk over the pelvis to allow optimum production, transfer, and 
control of force and motion to the distal segments in integrated athletic activities.
42  In sports 
medicine literature, core stability has been defined as “the product of motor control and muscular 
capacity of the lumbo-pelvic-hip complex.”
140   However, core stability can be more simply 
defined as the ability to stabilize the spine as a result of muscle activity.
44  
Lack of Gold Standard 
Even though low back pain is a common problem in today’s society, there is a lack of 
conclusive evidence about the correct protocol for core strengthening.  The debate continues 
about whether muscular strength or muscular endurance is better when it relates to the prevention 
of low back pain.  
Ashmen et al
14 and several other studies
62 92-95 141 demonstrated patients with chronic low 
back pain had less low back muscle endurance than those without chronic low back pain.   Smidt 
et al
94 observed a strength deficit in abdominals and back extensors in those with low back pain.  
These patients worked for a longer period of time but less force was produced for each repetition 
during an endurance test.
94  Since less force was produced for each repetition, it may explain the 
prolonged period of time it took them to reach the 25% decrement level used to terminate the test 63 
in this study.
94  This study demonstrates a good example of the inconsistency of testing strength 
versus endurance in the core.
94 
Neuromuscular Control 
Dynamic instability of the spine has been linked to improper recruitment of the trunk and 
abdominal muscles.
126  Decreased motor control has been observed in patients with low back 
pain that present larger delays in onset of the torso muscles with dynamic torso movement,
50 
impaired gluteal patterns while walking, and an inability to breathe heavily while maintaining 
spine stability.
142  Low back pain patients have been found more likely to have deficits in 
proprioception, balance, and ability to react to unexpected perturbation of the trunk when 
compared to those without back pain.
97 143-144 
When there is an injury in the lower extremity, mechanical stability of the joint is 
compromised.
145  The alteration in joint stability forces the neuromuscular system to compensate 
for the loss of mechanical stability by improving functional stability.
145 
Electromyography 
The control of muscle force by the nervous system is done moment to moment by 
electrical signals sent from motor neurons to the muscle fibers.
146  The signals are called action 
potentials and they are recorded as they move along the sarcolemma from the neuromuscular 
junction to the end of the fibers.
146   
Electromyography is used to assess the relative intensity of muscle activity produced 
while maintaining stability during movement.
45  Two electrodes are used to assess muscle 
activation. The potential difference, also known as voltage, between the ground electrode and 
each electrode is determined.
146  The difference of voltage between each electrode is calculated 
and measured by an EMG unit.
146  The output of the voltage-time signal is what is called the 64 
muscle activation.
146  Electromyography is commonly used to diagnose problems in the 
neuromuscular system.
146  Researchers use EMG to estimate the amount of muscle force 
produced during contraction.
146   
Type of Electromyography 
Surface EMG provides a more global measure of action-potential in the underlying 
muscle.
146  The electrodes placed on the skin over the muscle are able to record the a bigger 
section of muscle activity.
146    Electromyographic activity measured by surface electrodes is not 
as specific as fine wire EMG; it does not require breaking the skin of the participant.  However, 
one drawback to surface EMG is that the electrode may pick up outside noises, referred to as 
cross talk or noise.
146 
Fine wire electrodes placed into the muscle record single action potentials in adjacent 
muscle fibers.
146  When the action potentials for a single motor unit are desired, fine wire EMG 
is the best option because the electrode pinpoints exactly where EMG is going to be measured.
146  
The process of fine wire EMG is invasive so that is a potential draw back.   
Electrode Placement   
The typical bipolar arrangement of surface electrodes over the muscles can detect muscle 
fiber action potential within 1 to 2 centimeters of the electrodes.
146  For that reason, surface 
electrodes have specific anatomical positions that allow them to detect the most amount of 
muscle activity.  The following muscles are going to be used in this research project: transverse 
abdominis/internal oblique, external oblique, lower rectus abdominis, erector spinae, vastus 
medialis, vastus lateralis, and rectus femoris.  Below in Table 2 is a more detailed look at 
electrode pad placement. 
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Table 2. 
 
Electrode Pad Placement 
 
Muscle  Direction of Pad Placement  Location of Pad Placement 
Transverse 
Abdominis/Internal 
Oblique 
Horizontal  2 cm inferomedial to the 
ASIS within a triangle 
outlined by the inguinal 
ligament, the lateral border 
of the rectus sheath, and a 
line connecting the ASISs.
29 
External Oblique  Oblique angle  5 cm superior to the iliac 
crest
29 
Lower Rectus 
Abdominis 
Vertical  8 degrees from vertical in the 
inferomedial direction and 
centered on the muscle belly 
near the midpoint between 
the umbilicus and the pubic 
symphysis and 3cm lateral 
from the midline
29 
 
Muscle Activation 
External Oblique/Internal oblique 
Shields and Heiss
20 measured EMG activity in the internal and external obliques during a 
double straight leg lowering (DSLL) exercise and a curl up exercise.  They observed greater 
mean internal and external oblique muscle activation during the DSLL exercise.
20  The activation 
was significantly different for both the internal and external oblique muscles.
20  Those 
participants that showed a pattern of high rectus abdominis and external oblique but low internal 
oblique activation during DSLL were categorized into Synergy Group I.
20  Participants with a 
low rectus abdominis but high internal and external oblique activation during DSLL were 
categorized into Synergy Group II.
20  The result of these categorizations suggest individuals may 
use similar muscle activation patterns during a curl up exercise but have to rely on different 
patterns to meet the demands of the DSLL exercise.
20  This study also suggested that in order to 66 
perform DSLL with control of the pelvis, a high level of external oblique activation is needed but 
it can be performed with or without significant contribution from the rectus abdominis.
20 
Transverse Abdominis 
Isolated contraction of the transverse abdominis past very low levels of activation have 
not been measured because all the abdominal musculature are more involved at 5 to 20%, or 
more functional levels of activation.
115  A study done by Greiner and McGill
115 showed that 
when removing the transverse abdominis from bracing, lumbar stability only decreased by 0.14% 
suggesting that the importance of the transverse abdominis is relatively small  in affecting 
stability of the lumbar spine.  However, Teyhen et al
12 suggested that TrA function plays an 
important role between patients with and without low back pain.  That study demonstrated a 20-
24% change in muscle thickness during an active straight leg raise in those without lumbo-pelvic 
pain and only a 6-7% change in muscle thickness in those patients with lumbo-pelvic pain.
12  
The ability to contract the transverse abdominis independently from the other abdominal muscles 
is considered an important goal in the rehabilitation of patients with low back pain.
147  Those 
patients with low back pain tend to have a delayed contraction of the transverse abdominis in 
anticipation of limb movement.
148-149  Patients without low back pain tend to contract the 
transverse abdominis before any of the other muscles in order to help stabilize the spine so no 
unwanted spinal movement does not occur with limb movement.
148-149 
Rectus Abdominis 
No significant differences have been observed between the upper and lower rectus 
abdominis during the concentric phases of a curl up, Sissel stability ball curl up, Ab trainer curl 
up, leg lowering, Sissel stability ball roll out, and reverse curl up exercises.
150  Another study 
demonstrated greater muscle activation during tasks when the feet were fixed when compared to 67 
task where they were not.
151  The lower rectus abdominis showed a 27.8% increase in muscle 
activation and the upper rectus abdominis showed a 22.7% increase during tasks when the feet 
were fixed.
151   Shields and Heiss 
20 showed that average EMG activity was significantly greater 
in the rectus abdominis during the DSLL exercise than in the curl up exercise.
20 
Rectus Femoris 
Parfrey et al
151 demonstrated that the rectus femoris had significantly less activation when 
the feet were fixed when compared to non-fixed.  They also showed that the rectus femoris had 
21.4% more muscle activity when the knees were extended during various sit up and curl up 
positions.
151  The activation of the rectus femoris was lowest during a non-fixed, bent-knee sit up 
position.
151  Also, McGill et al showed that the activity of the rectus femoris is valid and reliable 
to indicate hip flexor (iliopsoas) activity.
152 
Soderberg and Cook
45 measured EMG activity in the rectus femoris during a quadriceps 
setting exercise and a straight leg raise.  Normalized EMG activity in the rectus femoris was 
significantly greater for a straight leg raise when compared to quadriceps setting.
45  This could be 
explained due to the hip flexion required to perform the straight leg raise. 
Vastus Lateralis 
A study done on the myoelectric fatigue profiles of knee extensor muscles concluded that 
the vastus lateralis muscle fatigued faster than the vastus medialis muscle.
153 
Vastus Medialis 
As mentioned earlier Soderberg and Cook
45 also measured muscle activation of the 
vastus medialis in their study.  However, muscle activation was greater during the quadriceps 
setting exercise when compared to the straight leg raise.
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Sykes and Wong
154 investigated EMG activity during a straight leg raise at 45 degrees of 
external rotation and 30 degrees of internal rotation with and without ankle weight.  The highest 
mean amplitude for the vastus medialis was recorded when the straight leg raise was performed 
in 45 degrees of external rotation with 1.125 kg of weight on the ankle.
154  The lowest amount of 
muscle activation was recorded with the hip in neutral with no ankle weight.
154 
Erector Spinae 
The greatest amount of erector spinae muscle activity occurred during quadruped 
exercises during ipsilateral leg raising.
114  However, it is believed that most of the activation that 
was recorded was most likely used for pelvic stabilization during active hip extension.
114  When 
the leg was lowering back to the quadruped position, erector spinae activity was again evident 
for pelvic stabilization.
114  There was a proportional increase in erector spinae activity as 
difficulty increased, which is reflective of the need to decrease pelvic rotation when the 
contralateral extremity was being extended.
114 
Hip Abductors/Adductors 
The hip musculature plays a significant role in the transfer of forces from the lower 
extremity to the upper extremity due to the kinetic chain.  The delayed firing of the gluteus 
medius has been observed in individuals with lower extremity instability and low back pain.  
Kankaanpaa et al
155 and Leinonen et al
156 have both demonstrated poor muscle endurance in the 
gluteus maximus in those individuals with low back pain.   
Nadler et al
101 demonstrated that females with weaker left abductors were significantly 
more likely to develop low back pain; however, female athletes with stronger left abductors were 
less likely to develop low back pain.  
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Clinical Tests 
Double Straight Leg Lowering Test 
The double straight leg lowering (DSLL) test is considered an advanced exercise for 
abdominal musculature; a large amount of trunk muscle coactivation was required to stabilize the 
pelvis and lumbar spine.
20  The use of the DSLL test appears to be justified in the clinic because 
of the demands it places on the abdominal muscles to counterbalance hip flexor movement to 
maintain a static pelvic position.
28  In order to provide greater torque during the DSLL test, the 
iliopsoas and rectus abdominis have to increase muscle activity to perform a slow and controlled 
lowering of the limbs.
13  During a study done by de F.N Filho,
13 the internal oblique and external 
oblique muscle activity rose while the activity of the rectus abdominis decreased during the 
DSLL test.  When compared to a curl exercise, the double straight leg lowering test required 
higher muscle activation levels when muscle length (participant starting position) and type of 
contraction (concentric vs eccentric) were controlled.
20  The DSLL test also showed a narrower 
base of support for the trunk and upper body segments and a longer lever arm of the leg 
segments so there was a greater need for intrinsic stabilization of the trunk to perform the test.
20 
Active Straight Leg Raise 
The active straight leg raise (ASLR) test has been suggested as a clinical test that can 
assess lumbo-pelvic stability.
7  It has also been used to assess functional ability of transferring 
loads through the pelvis.
8-9 24 157  The ASLR test has been validated against radiographic mobility 
of the pelvic joints.
24  
The ASLR test has been used to compare between patients with lumbo-pelvic pain and 
healthy subjects.
7-8 12 157  Liebenson et al
7 suggested that the ASLR test has a strong association 
with lumbar spine stability that is involved in controlling lumbar axial rotation motions.  Teyhen 70 
et al
12 noted that participants with and without lumbo-pelvic pain had equivalent resting muscle 
thickness in the transverse abdominis and the internal oblique.
12  Those with lumbo-pelvic pain 
and those without, demonstrated a symmetrical change on the symptomatic and asymptomatic 
sides in both the transverse abdominis and internal oblique thickness while performing the 
ASLR.  In patients not experiencing pain, the average increase in the transverse abdominis was 
approximately twice the amount of thickness in the internal oblique.
12  Those participants 
experiencing unilateral lumbo-pelvic pain demonstrated minimal changes in muscle thickness in 
both the transverse abdominis and the internal oblique.
12  This suggests there is a different 
muscular response between those with and without lumbo-pelvic pain, there is a symmetrical 
response in the deep abdominal musculature regardless of which limb is raised during the ASLR 
or the side of symptoms.
12     
Sahrmann’s Lower Abdominal Series 
  Sahrmann’s Lower Abdominal Series is also known as the Lower Abdominal Muscle 
Exercise Progression.
158  The series is a progression of nine exercises that increase in 
difficulty.
158  Each exercise starts with the patient in a hook lying position (supine with hips and 
knees flexed) and with the patient contracting the abdominals by pulling his or her navel toward 
the spine.
158  The table below (Table 3) shows each of the nine exercises and what motions are 
performed.  Mastery of the exercise is when the patient can perform 10 repetitions correctly.
158  
These exercises are indicated for individuals with low back pain because they are designed to 
improve external oblique performance.
158  Correct performance of these exercises also helps to 
improve transverse abdominis performance.
158 
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Table 3.   
 
Progression of Sahrmann’s Lower Abdominal Series 
 
Level of Exercise
158  Motion Performed
158 
Level 0.3 (E1)  Lift one foot with the opposite foot on the 
floor. 
Level 0.4 (E2)  Hold one knee to the chest and lift the 
opposite foot. 
Level 0.5   Lightly hold one knee toward the chest and 
lift the opposite foot. 
Level 1A  Flex one hip to greater than 90° and lift the 
opposite foot. 
Level 1B  Flex one hip to 90° and lift the opposite 
foot. 
Level 2  Flex one hip to 90° and lift and slide the 
opposite foot to extend the hip and knee. 
Level 3  Flex one hip to 90°, lift the foot, and extend 
the leg without touching the supporting 
surface. 
Level 4  Slide both feet along the supporting surface 
into extension and then return to flexion. 
Level 5  Lift both feet off the supporting surface, 
flex the hips to 90°, extend the knees and 
lower both extremities to the supporting 
surface. 
 
 
Trunk Stability Test 
  The Trunk Stability Test (TST) emphasizes the importance of a neutral spine position 
and has been claimed to recruit abdominal and trunk muscles during dynamic stability 
training.
126  The patient lays supine with the hips and knees bent and feet flat on the table with 
the fingertips on each side of the abdomen just above the pelvis and below the rib cage.
126  
Patients were instructed to tighten their abdominals, bringing their navel up and in toward the 
spine and hold for 4 seconds.
126  Once the spine is stabilized, the patients lifted the right foot off 
the table until the thigh was vertical and the hip was at a 90°angle.
126 72 
A study completed by Vezina et. al,
126 the EMG results support the theory that the TST 
level one selectively recruits the external oblique.  The same study also stated that no studies 
have been performed to determine the EMG activity of the upper and lower rectus abdominis 
during the TST level one test.
126 
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CHAPTER 3 
 
Methods 
The research design is a 2 x 1 within subject cohort study.  The independent variables are 
the tasks:  double straight leg lowering test and the active single-leg straight leg raise.  Muscle 
activation of the abdominal muscles (TrA/IO, EO, and RA) will be the dependent variable for 
this study.   
Participants 
Thirty healthy physically active participants will volunteer to participate in this study.  
Physically active is defined as exercising a minimum of 3 times a week for 30 minutes.
25  
Participants will be excluded if they have a history of: cardiovascular or neurological disorder; 
pregnancy within the last year; low back pain; abdominal or hip injury within the last year; 
abdominal or hip surgery within the last 2 years; hip flexor, hamstring or piriformis inflexibility 
of any passive or active motion less than 90° of hip flexion.  Each participant will read and sign 
an informed consent form approved by Indiana State University’s Institutional Review Board 
prior to beginning the study.   
Instrumentation 
The Myomonitor IV (Delsys, Boston, Massachusetts) will be used to quantify muscle 
activity of the lower rectus abdominis, TrA/IO, and EO bilaterally.  Since the Myomonitor IV 
System is a wireless unit, we will have to account for a delay in signal transmission because all 74 
wireless systems have a delay.  Delsys estimates the delay to be approximately 60 ms.  We will 
account for the 60 ms delay when we process the muscle activation data.  Electromyography data 
will be collected at 1200 Hz.  The input impedance of the amplifier will be >10
15 megohm//0.2 
pF, with a common mode rejection ratio of 90 dB, high and low pass filters of 20 and 450Hz, a 
signal to noise ratio of -92 dB, and a gain of 1000. 
The time window of data collection will start 500 ms before the activation of the TrA/IO 
and 500 ms after the trial is completed.  The trial for the active straight leg raise will be 
completed when the active leg reaches 90°.  The trial for the double straight leg lowering test 
will be completed when the legs come in contact with the table.  This should ensure that the data 
will include all pertinent muscle activation data needed for this study.   
Spinal stability will be monitored during both tests using the stabilizer pressure 
biofeedback unit (Chattanooga Group, Chattanooga, Tennessee).  The stabilizer unit will give the 
participants feedback via the amount of pressure placed on the cuff with posterior pelvic tilt.  If 
the low back comes up off the table during the participant’s trial, the pressure in the cuff will 
drop to remind the participant to keep the low back flat against the table.  The cuff will be 
inflated to 40 mmHg before the trial starts and the participant will need to keep the cuff above 60 
mmHg to ensure the posterior pelvic tilt is being performed correctly.
26 
A metronome will be used to standardize the way the double straight leg lowering test is 
performed.  An arc ranging from 0° to 90° will be placed against the wall in the lab and the 
participant will lower his or her legs in 3 seconds, lowering 30° per second.     
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Procedures 
Familiarization Session 
Participants will report to the Neuromechanics Lab in the Applied Medicine Research 
Center.  The principal investigator (PI) will allow the participant time to read the informed 
consent form (Appendix A), answer any questions he/she may have, then the participant will 
complete a health history questionnaire (Appendix A).  The PI will demonstrate and explain the 
active straight leg raise.  The participant will practice the active straight leg raise 5 times on each 
leg in order to assure participant comfort with both the dominate and nondominate leg.  The low 
back will stay in contact with the table (to be measured by the stabilizer cuff), the leg being 
raised will be kept straight, and the opposite leg will be kept straight and in contact with the 
table.  Participants will get 2 minutes of rest between each trial.   
The PI will demonstrate and explain the double straight leg lowering test.  The participant 
will practice the test 5 times.  The low back will be kept in contact with the table and the legs 
will be kept straight during the entire test.  Since the legs will start at 90 degrees of hip flexion 
(to be measured with a goniometer), the test will be concluded once the heels hit the table.  A 
detailed list for the familiarization session procedures can be found in Table 4. 
The stabilizer cuff will be placed between the participant’s lumbar spine and the table.  
The cuff will be pumped to 40 mmHg before the task is performed.
159  The participant will need 
to keep the cuff between 60 mmHg
26 and 120 mmHg during the entire trial in order to ensure that 
the posterior pelvic tilt is performed correctly.  
The metronome will be set and the participant will lower his or her legs 30° per second 
on the beat of the metronome.  The beat of the metronome will be fed through noise cancelling 76 
headphones as to not to interfere with the EMG data.  The participant will have 2 minutes of rest 
between each trial. 
Data Collection Session 
The participants will report to the Neuromechanics Lab in the Applied Medicine 
Research Center within 2 days of the familiarization session.  Demographic data (height, mass, 
gender, leg dominance) will be collected.  Leg dominance will be defined as the leg the 
participant uses to kick a ball.  The participant will expose his/her trunk for placement of surface 
EMG electrodes.  Fine sand paper and alcohol wipes will be used to debride the skin before 
electrode placement.  The electrodes will be placed bilaterally over the TrA/IO, external oblique, 
and lower rectus abdominis.  The electrodes for recording transverse abdominis activity will be 
positioned horizontally 2 cm inferomedial to the ASIS within a triangle outlined by the inguinal 
ligament, the lateral border of the rectus sheath, and a line connecting the ASISs.
29  The 
electrodes for the external oblique will be positioned 5 cm superior to the iliac crest and at an 
oblique angle (~45 degrees).
29  Electrode placement for the rectus abdominis is 8 degrees from 
vertical in the inferomedial direction and centered on the muscle belly near the midpoint between 
the umbilicus and the pubic symphysis and 3cm lateral from the midline.
29  A detailed 
explanation of electrode placement can be found in Table 5.  The Myomonitor IV Surface EMG 
unit will be used to collect muscle activation data.  A total of six trials will be performed by the 
participant.  The first three trials will not be recorded and will be used as a refamiliarization tool 
for the participant.  The next three trials will then be performed.  The order of the tasks will be 
randomly counterbalanced to decrease the chance of an order effect.  A detailed sequence of the 
data collection session procedures can be found in Table 6.  
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Testing Protocol 
To perform the double straight leg lowering test, the participants will be positioned 
supine on a firm surface with their legs straight and arms folded across the chest to negate using 
them for support.  The examiner will assist the raising of the participant’s legs to 90° in the 
vertical plane, keeping the knees straight.  The participant will keep their legs in that position 
until the PI gives a “thumbs up” sign to begin the trial.  The legs will be lowered 30° per second 
for a trial that lasts a total of three seconds.  The head and shoulders will stay in contact with the 
table during the entire trial.  The participant will have 2 minutes of rest between each trial. The 
head and shoulders will stay in contact with the table during the entire trial.  The participant will 
have 2 minutes of rest between each trial.  
To perform an active straight leg raise, the participant will lay supine on a firm surface 
with the knees straight and the arms will be folded across the chest to negate their use for 
support.  The trial will be initiated again by the PI giving the participant a “thumbs up” sign.  
The participant will lift his or her right leg first at the rate of 30° per second for a trial that lasts a 
total of three seconds.  The participant will then lift his or her left leg using the same procedure.  
The participants will have 2 minutes of rest between each trial.    
  The stabilizer cuff will be inflated to 40 mmHg prior to the task being 
performed.
26  When the posterior pelvic tilt is performed correctly, the cuff will stay above 60 
mmHg.
26 
The metronome will be set and the participant will lower his or her legs 30° per second 
on the beat of the metronome. 
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Data Analysis 
Data analysis will be completed using SPSS 18.0 (SPSS, Inc., Chicago, IL).  The 
statistics that will be run are an independent t-test with a Bonnferoni correction and an intraclass 
correlation coefficient.  Significance was set at α=0.05 a priori. 
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Table 4. 
Sequence of Familiarization Session Procedures 
1.  Participant enters the Neuromechanics Lab in the Applied Medicine Research Center. 
2.  PI explains informed consent, health history questionnaire, and asks for questions. 
3.  PI explains the single-leg active straight leg raise. 
4.  Participant practices the single-leg active straight leg raise 5 times each leg.  The 
participant will keep the low back flat against the table.  The leg being raised will be kept 
straight and the opposite leg will be kept flat on the table.    
5.  PI explains double straight leg lowering test. 
6.  Participant practices double straight leg lowering test 5 times.  The participant will 
keep the low back flat against the table.  The legs will be kept straight and the test is 
completed when the legs come in contact with the table.  The legs will be lowering 30° 
per second to the beat of a metronome. 
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Table 5   
 
Electrode Pad Placement 
 
Muscle  Direction of Pad Placement  Location of Pad Placement 
Transverse 
Abdominis/Internal 
Oblique 
Horizontal  2 cm inferomedial to 
the ASIS within a triangle 
outlined by the inguinal 
ligament, the lateral border 
of the rectus sheath, and a 
line connecting the ASISs.
29 
External Oblique  Oblique angle  5 cm superior to the 
iliac crest
29 
Lower Rectus 
Abdominis 
Vertical  8 degrees from 
vertical in the inferomedial 
direction and centered on the 
muscle belly near the 
midpoint between the 
umbilicus and the pubic 
symphysis and 3cm lateral 
from the midline
29 
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Table 6 
 
Sequence of Data Collection Session Procedures 
 
 
 
 
1.  Participant enters the Neuromechanics Lab in the Applied Medicine Research Center. 
2.  PI gives participant a demographic questionnaire to fill out and asks for questions. 
3.  Participant exposes trunk for preparation of electrode pads. 
4.  PI debrides skin with fine sand paper and alcohol wipes. 
5. Electrodes are placed over the TrA/IO, external oblique, and lower rectus abdominis.  
(specific placement in Table 3). 
6.  The Myomonitor IV Surface EMG unit will be turned on. 
7.  The participant’s electrodes will be attached to the EMG machine. 
8.  The participant will perform one of the two tasks, depending on which counterbalance 
group they are in.  A total of six trials will be performed.  The first three trials in each test 
will not be recorded.  The trials will be used to refamiliarize the participant to the tests 
being performed. 
9.  The peak and mean EMG results will be recorded. 82 
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CONSENT TO PARTICIPATE IN RESEARCH 
 
Comparison of Muscle Activation During the Active Straight Leg Raise and Double Straight Leg 
Lowering Test 
You are asked to participate in a research study conducted by Megan Callahan, ATC and Matt 
Gage, PhD, LAT, ATC, from the Department of Applied Medicine and Rehabilitation at Indiana State 
University.  This study is being conducted as a graduate student thesis project.  Your participation in this 
study is entirely voluntary. Please read the information below and ask questions about anything you do 
not understand, before deciding whether or not to participate. 
 
• • • •  PURPOSE OF THE STUDY 
The purpose of this study is to measure the muscle activity of the abdominal muscles in healthy 
individuals with the active straight leg raise test and the double straight leg lowering test.  This study will 
determine which task produces a higher level of muscle activation and if there is a correlation between 
them.  This information will help health care providers in diagnosing people with low back pain.   
 
• • • •  PROCEDURES 
If you volunteer to participate in this study, you will be asked to come for a familiarization 
session and a data collection session. 
 
The familiarization session and data collection session will last about one hour each.  The 
familiarization session will introduce you to the study and then we will collect data during the data 
collection session. 
 
Sequence of Familiarization Session Procedures 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data collection session must occur within 2 days of your familiarization session.  During the data 
collection session we will determine what abdominal muscles are activating on both sides of your body 
during the active straight leg raise test and the double straight leg lowering test.  Your skin will be cleaned 
using alcohol wipes and fine sand paper before we apply non-invasive electrodes on your stomach (see 
pictures provided). 
 
 
 
 
1.  Participant enters the Applied Medicine Research Center. 
2.  PI explains informed consent, health history questionnaire, and asks for  
questions. 
3.  PI explains the single-leg active straight leg raise. 
4.  Participant practices the single-leg active straight leg raise 5 times each leg.  The 
participant will keep the low back flat against the table.  The leg being raised will be kept 
straight and the opposite leg will be kept flat on the table.    
5.  PI explains double straight leg lowering test. 
6.  Participant practices double straight leg lowering test 5 times.  The participant will 
keep the low back flat against the table.  The legs will be kept straight and the test is 
completed when the legs come in contact with the table. 99 
Sequence of Data Collection Session Procedures 
1.  Participant enters the Applied Medicine Research Center. 
2.  PI gives participant a demographic questionnaire to fill out and asks for questions. 
3.  Participant exposes stomach for preparation of electrode pads. 
4.  PI cleans skin with fine sand paper and alcohol wipes. 
5. Electrodes are placed over the stomach muscles. 
6.  The Myomonitor IV Surface EMG unit will be turned on. 
7.  The participant’s electrodes will be attached to the EMG machine. 
8.  The participant will perform one of the two tasks, depending on which counterbalance 
group they are in.  Participant will then perform the second task.  A total of six trials will 
be performed.  The first three trials in each test will not be recorded.  The trials will be 
used to refamiliarize the participant to the tests being performed. 
9.  The peak and mean EMG results will be recorded. 
 
 
•  POTENTIAL RISKS AND DISCOMFORTS 
 
You may experience musculoskeletal injury to the abdominals and low back while performing the 
two tests.  The risk of injury is minimal because you will only be performing minimal repetitions and will 
have sufficient rest time between trials to minimize the risk of fatigue and poor technique.  If you use 
poor technique, we will help correct you to avoid any injury.  Should a problem arise, a certified 
healthcare professional (athletic trainer) will be onsite during all data collection sessions to provide care 
and refer you to an advanced practitioner, if needed.  While the risks for you to be injured during this 
study are minimal, should an injury occur YOU will be responsible for any medical costs that should 
occur.    
 
• • • •  POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY 
 
You will learn how to correctly stabilize your low back during two abdominal exercises.  
Stabilizing your spine during abdominal exercises decreases the amount of stress placed on the low back 
and decreases the potential injury while performing this type of exercise.  The knowledge gained from 
this study could help provide clinicians with better tools to evaluate and diagnose low back pain.  
 
• • • •  CONFIDENTIALITY 
 
Any information that is obtained in connection with this study and that can be used to identify 
you will remain confidential and will be disclosed only with your permission or as required by law. We 
will maintain confidentiality by giving you a special, random number that only we will know.  All data 
will be kept in a locked and secured filing cabinet in our research lab and will only be accessible to the 
principle investigator and faculty advisor of this study.  Data will be kept secure for 3 years after the 
completion of the study.  At that time it will be destroyed.  Since you are providing your personal 
information (name and address) for reimbursement purposes in this study, the transaction for 
reimbursement will be on record at ISU so complete confidentiality can not be assured.  The assistant for 
the Applied Medicine and Rehabilitation Department will have access to your personal information via 
the incentive form you filled out.  However, the form will be destroyed as soon as she addresses the check 
to be sent to you. 
 
• • • •  PARTICIPATION AND WITHDRAWAL 
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You can choose whether or not to be in this study. If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind or loss of incentives to which you are otherwise 
entitled. You may also refuse to answer any questions you do not want to answer. There is no penalty if 
you withdraw from the study and you will not lose any benefits to which you are otherwise entitled.  
 
• • • •  IDENTIFICATION OF INVESTIGATORS 
If you have any questions or concerns about this research, please contact Megan Callahan, ATC 
at 816-332-2275 or mcallahan2@indstate.edu or Matt Gage, PhD, LAT, ATC at 812-237-3961, 260 
Student Services Building, or matt.gage@indstate.edu 
 
• • • •  RIGHTS OF RESEARCH SUBJECTS 
If you have any questions about your rights as a research subject, you may contact the Indiana 
State University Institutional Review Board (IRB) by mail at Indiana State University, Office of 
Sponsored Programs, Terre Haute, IN 47809, by phone at (812) 237-8217, or e-mail the IRB at 
irb@indstate.edu. You will be given the opportunity to discuss any questions about your rights as a 
research subject with a member of the IRB. The IRB is an independent committee composed of members 
of the University community, as well as lay members of the community not connected with ISU. The IRB 
has reviewed and approved this study.  
 
•  PAYMENT FOR PARTIPATION 
 
You will be rewarded $5 for attending the familiarization session when the HHQ and informed 
consent form are completed.  An additional $5 will be provided to you for attending the data collection 
session.  The incentives will be provided to you whether you complete the data collection session or not.  
You will complete the required paperwork the day of your scheduled familiarization and data collection 
sessions.  You will complete a participant reimbursement form and return it to the Applied Medicine and 
Rehabilitation Department secretary the day of your scheduled familiarization and data collection 
sessions.  A check will then be mailed to your address.  Since you will be reimbursed the department 
secretary and bursar’s office will know you participated in this study. 
 
 
I understand the procedures described above. My questions have been answered to my 
satisfaction, and I agree to participate in this study. I have been given a copy of this form. 
 
________________________________________ 
Printed Name of Subject 
 
 
________________________________________    _________________________ 
Signature of Subject            Date 
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Indiana State University 
Department of Applied Medicine and Rehabilitation 
HEALTH HISTORY QUESTIONNAIRE 
Study Title:  Comparison of muscle activation during the active straight leg raise and double 
straight leg lowering test 
Please answer the following questions to the best of your knowledge: 
1.  Do you regularly exercise 30 minutes at least three times a week?  YES      
NO 
2.  Are you currently under a doctor’s care?  YES      
NO 
3.  Women only: Are you pregnant or do you think you might be? Or have you 
been pregnant in the past year? 
YES      
NO 
4.  Do you have a pacemaker or automatic implanted cardiac defibrillator 
(AICD)? 
YES      
NO 
5.  Do you have, or suspect that you have, any circulatory problems or vascular 
(problems with your veins or arteries) disorders, conditions, disorders, or 
diseases? 
YES      
NO 
6.  Do you have, or suspect that you have, any rheumatoid (joint) or muscular 
conditions, disorders or diseases? 
YES      
NO 
7.  Do you have, or suspect that you have, a mitral valve prolapse, or any other 
disease, condition, or disorder that may be aggravated by participating in this 
study (see attachment for clarification)? 
YES      
NO 
8.  Do you experience numbness, tingling, or decreased sensation in extremities, 
or have other neurological problems, conditions, disorders, or diseases? 
YES      
NO 
9.  Do you have any problems, conditions, disorders or diseases that affect your 
ability to keep your balance? 
YES      
NO 
          10.  Have you suffered from an abdominal, lower extremity, or low back injury 
in the past year? 
If YES, please list all injuries in the past year below. 
 
 
YES      
 
NO 
          11.  Have you had an abdominal, lower extremity or low back surgery in the past 
two years?   
If YES, please list all surgeries in the past two years below. 
 
 
YES      
 
NO 
If you answered “YES” to any question or you are unsure about your answers, you will be asked 
for more detail to help the investigators better assess whether your condition increases your risk 
for participation. The questions and responses will be recorded on the back of this page. 
 
I certify that all the information provided is correct. 
 
        ________          _____________ 
Participant Signature              Date 
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Indiana State University 
Applied Medicine and Rehabilitation 
CURRENT HEALTH QUESTIONNAIRE 
1.  Have you experienced any vomiting or diarrhea in the last 48 hours?  YES      NO 
2.  Have you consumed an excessive amount of alcohol in the last 48 
hours? (More than 3 drinks in an hour?) 
YES      NO 
3.  Have you had the cold or the flu within the last week?  YES      NO 
4.  Have you had a gastrointestinal illness within the last week?  YES      NO 
5.  Have you had any other general illness the investigator should know 
about in the last week? 
YES      NO 
6.  Have you being following habits of good health within the last week 
such as eating well, drinking fluids, and getting sufficient sleep? 
YES      NO 
7.  Do you feel dizzy or “unwell” in other ways that the primary 
investigators should be aware of? 
YES      NO 
** If you answered yes to some of the questions above, the investigator may ask to delay 
you participation. Data collection will be delayed until all symptoms have resolved to ensure 
your safety during the study. 
 
If you answered “YES” to any question or you are unsure about your answers, you will be asked 
for more detail to help the investigators better assess whether your condition increases your risk 
for participation. The questions and responses will be recorded on the back of this page. 
 
I certify that all the information provided is correct. 
 
 
        ________        _____________ 
Participant Signature              Date 
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Subject 
# 
Height 
(cm) 
Weight 
(kg)  Age 
Leg 
Dominance 
Active Range 
of Motion 
Passive Range 
of Motion 
1        Left  or  Right 
   
2        Left  or  Right     
3        Left  or  Right     
4        Left  or  Right     
5        Left  or  Right     
6        Left  or  Right     
7        Left  or  Right     
8        Left  or  Right     
9        Left  or  Right     
10        Left  or  Right     
11        Left  or  Right     
12        Left  or  Right     
13        Left  or  Right     
14        Left  or  Right     
15        Left  or  Right     
16        Left  or  Right     
17        Left  or  Right     
18        Left  or  Right     
19        Left  or  Right     
20        Left  or  Right     
21        Left  or  Right     
22        Left  or  Right     
23        Left  or  Right     
24        Left  or  Right     
25        Left  or  Right     
26        Left  or  Right     
27        Left  or  Right     
28        Left  or  Right      
29        Left  or  Right     
30        Left  or  Right     
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A2        RESEARCH DESCRIPTION 
 
Provide responses to the following items and submit your responses along with Form A.  
Each response should be numbered or labeled to correspond to the following items.  If an item does 
not apply to your research project, simply indicate “Not applicable.” The research description 
(answers to all of the items below) should not exceed 5 type-written pages.  Use a font size of 11 or 
larger. A proposal, thesis, or dissertation will not be accepted in lieu of responses.   
 
PROJECT DESCRIPTION 
 
1.  This study will measure muscle activation in three muscles (transverse abdominis, internal 
oblique and external oblique) while performing an active straight leg raise and a double straight leg 
lowering test.  The participants will perform a total of six trials during data collection.  The purpose of 
this study is to determine if the active straight leg raise or double leg lowering test produces more muscle 
activation in the three muscles previously listed and if there is a correlation between the two tasks being 
performed.  The experimental hypothesis is that the double straight leg lowering test will produce more 
muscle activation than the active straight leg raise.  
 
METHODOLOGY 
 
2.  Approximately 30 participants will be recruited to participate in this study.  The participants 
will be selected based on the following criteria:  1) physically active, 2) between 18 and 32 years of age, 
3) no known cardiovascular or neurological disease, 4) no pregnancy within the last year, 5) no known 
low back pain, 6) no known abdominal or hip injury within the last year, 7) no abdominal or hip surgery 
within the last two years, 8) hip flexor, piriformis, and hamstring flexibility that allows the legs to be 
brought into at least 90 degrees of hip flexion.  These criterions will be self reported by the participants.  
The principle investigator will confirm these criterions through the use of a previously IRB approved 
Health History Questionnaire.  A copy of the questionnaire is in Appendix A.  No special populations will 
be used for this study.  
 
3.  RECRUITMENT—Describe how you will identify and recruit prospective subjects.  Attach a 
draft or final copy of any planned advertisements, flyers, and letters to potential subjects. 
 
 
4.  Familiarization and data collection sessions will be held in the Athletic Training Research Lab 
(A-17) in the Student Services Building on the Indiana State University campus. 
      
5.   Two instruments and a health history questionnaire will be used for data collection.  The 
health history questionnaire will be used to collect demographic data and to ensure that participants meet 
the inclusion and exclusion criteria.  The Myomonitor
® IV Surface Electromyography (EMG) System 
(Delsys Inc., Boston, MA) will be used to measure muscle activation.  The stabilizer pressure 
biofeedback unit (Chattanooga Group, Chattanooga, Tennessee) will be used to give participants 
feedback about posterior pelvic tilt via the amount of pressure they place on the cuff.  
Participants will be asked to invest approximately 2 hours to be part of this study. 
 
 
6.    Participants will be asked to attend two individual sessions.  The first session is a familiarization 
session that will introduce the participants to the procedures of the study.  The second session will be 
the data collection session.  During the familiarization session the participants will fill out the health 
history questionnaire and the PI will review it to ensure that the participants meet the 105 
inclusion/exclusion criteria.  Once the health history questionnaire is reviewed, the participant will be 
taught how to correctly perform the active straight leg raise and the double straight leg lowering test.  
The stabilizer cuff will be placed under the participant’s low back.  The cuff will be inflated to 40 
mmHg and will be kept between 60 to 120 mmHg during the entire trial to ensure posterior pelvic tilt.  
The following instructions will be given to the individuals for the double straight leg lowering test:  
“Are you ready?”  Once the participant confirms that he/she is ready, the PI will passively flex the 
hips to 90 degrees.  Once the legs are in this position, the PI will ask the participant to flatten the back 
against the table by saying “Draw your belly button back toward your spine so your low back is flat 
against the table.  Make sure you are still able to breathe normally.”  This position will be held by the 
participant while slowly lowering the legs to the table on the PI command of “Please slowly lower 
your legs toward the table trying your best to keep your low back flat against the table.”  The head 
and shoulders will be kept in contact with the table during the entire trial.   
      To perform an active straight leg raise, the participant will lay supine on a firm surface with the 
knees straight and the arms will be folded across the chest to negate their use for support.  The 
stabilizer cuff will be placed under the participant’s low back.  The cuff will be inflated to 40 mmHg 
and will be kept between 60 to 120 mmHg during the entire trial to ensure posterior pelvic tilt.  The 
participant will then be asked to actively raise their right leg from the table while keeping the knee 
straight by saying “Please lift your right leg off the table in a controlled motion while keeping your 
right knee straight and your left leg in contact with the table.”  They will be asked to repeat the same 
procedure for their left leg.  The instructions for lifting the left leg will be “Please lift your left leg off 
the table in a controlled motion while keeping your left knee straight and your right leg in contact 
with the table.”  Below is the sequence of the familiarization session. 
 
Sequence of Familiarization Session 
1.  Participant enters the Applied Medicine Research Center. 
2.  PI explains informed consent, health history questionnaire, and asks for questions. 
3.  PI explains the single-leg active straight leg raise. 
4.  Participant practices the single-leg active straight leg raise 5 times each leg.  The   
participant will keep the low back flat against the table.  The leg being raised will be kept  
straight and the opposite leg will be kept flat on the table.    
5.  PI explains double straight leg lowering test. 
6.  Participant practices double straight leg lowering test 5 times.  The participant will keep the 
low back flat against the table.  The legs will be kept straight and the test is completed when the 
legs come in contact with the table. 
 
This session will take approximately1 hour. 
 
The data collection session will occur no more than two days following the familiarization 
session.  Demographic data (height, mass, gender, and leg dominance) will be collected.  The participant 
will expose his/her trunk for placement of surface EMG electrodes.  Fine sand paper and alcohol 
wipes will be used to debride the skin before electrode placement.  The electrodes will be placed 
over the three abdominal sites on both sides.  Participants will then perform the double straight 
leg lowering three times to refamiliarize with the task.  The stabilizer cuff will be placed under the 
participant’s low back.  The cuff will be inflated to 40 mmHg and will be kept between 60 to 120 mmHg 
during the entire trial to ensure posterior pelvic tilt.  Once that is completed, the next three trials will 
then be recorded.  The participant will practice the active straight leg raise three times to 
refamiliarize with the task.  Once that is completed, the next three trials will be recorded.  Below 
is the sequence of the data collection session. 
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Sequence of Data Collection Session 
1.  Participant enters the Applied Medicine Research Center. 
2.  PI gives participant a demographic questionnaire to fill out and asks for questions. 
3.  Participant exposes trunk for preparation of electrode pads. 
4.  PI debrides skin with fine sand paper and alcohol wipes. 
5. Electrodes are placed over the TrA/IO, external oblique, and lower rectus abdominis.  (specific 
placement in Table 3). 
6.  The Myomonitor IV Surface EMG unit will be turned on. 
7.  The participant’s electrodes will be attached to the EMG machine. 
8.  The participant will perform one of the two tasks, depending on which counterbalance group 
they are in.  A total of six trials will be performed.  The first three trials in each test will not be 
recorded.  The trials will be used to refamiliarize the participant to the tests being performed. 
9.  The peak and mean EMG results will be recorded. 
 
  This session will last approximately 1 hour. 
 
7.  DATA COLLECTION, STORAGE, AND CONFIDENTIALITY 
      To protect participant confidentiality, the informed consent forms, health history questionnaires, 
and all data collected will be numbered in correlation with each participant.   
      The Myomonitor IV (Delsys, Boston, Massachusetts) will be used to quantify muscle 
activity in the lower rectus abdominis, transverse abdominis/internal oblique and external 
oblique on both sides.  All data will be kept in a filing cabinet in the Applied Medicine 
Research Center.  Data will be secured for 7 years after the completion of the study.  It will 
then be destroyed. 
 
 
8.  All participants will read and sign the informed consent during the familiarization session.  The 
informed consent form that will be used in this study is in Appendix A.   
 
 
RISKS/BENEFITS 
 
9.  RISKS – Describe the short-term and long-term potential risks (physical, psychological, 
social, legal or other) to subjects and assess their likelihood and seriousness.  Where appropriate, describe 
alternative treatments or procedures that might be advantageous to the subjects. If risks are not greater 
than minimal risk, (i.e., the probability and magnitude of harm or discomfort anticipated in the research 
are not greater in and of themselves than those ordinarily encountered in daily life or during the 
performance of routine physical or psychological examinations or tests) state this.     
 
The short-term risks include the possibility of musculoskeletal injury while performing the tasks 
of this study.  The risk is minimal because the number of repetitions will be minimal and sufficient rest 
will be given to reduce injury due to fatigue and improper technique.  The likelihood of injury while 
participating in this study is minimal.  There are no long-term potential risks for participating in this 
study.  
 
 
10.  SAFETY PRECAUTIONS—Describe the procedures for protecting against or minimizing 
any potential risks, including risks to confidentiality.  Where appropriate, discuss provisions for ensuring 
necessary medical or professional intervention in the event of adverse effects to the subject(s) and attach a 107 
referral list.  Also, where appropriate, describe the provisions for monitoring the data collected to ensure 
the safety of subjects. 
 
If injury were to occur, a certified healthcare professional (athletic trainer) will be on site during 
the data collection sessions to address issues and to provide care.   
 
 
11.  BENEFITS—Describe the potential direct benefits subjects may receive as a result of 
participating in this research.  Describe the potential benefits to society that may be expected from this 
research. 
 
The participant will learn how to correctly stabilize the lumbar spine during two abdominal 
exercises.  Correctly stabilizing the spine can decrease the amount of stress placed on the lower back and 
has the potential to decrease the risk of injury during these types of activities.  The knowledge gained 
during this study could help provide clinicians with better tools to evaluate and diagnose low back pain. 
 
12. BENEFITS VS. RISKS—Discuss why the risks to subjects are reasonable in relation to the 
anticipated benefits to subjects and in relation to the importance of the knowledge that may reasonably be 
expected to result. 
   
The benefit of teaching participants to correctly stabilize the spine during abdominal exercising 
and gaining knowledge to help clinicians develop better tools for evaluating and diagnosing low back 
pain outweighs a study with no long-term risks. 
 
13. INCENTIVES AND RESEARCH RELATED COSTS—Describe the incentives, if any, being offered 
for participation in the research study.  If monetary compensation is offered, indicate how much 
subjects (or other entity) will be paid and describe terms of payment. Describe what will be done if 
subjects withdraw before completion of the research (e.g., will monetary payments be prorated or 
paid in full?).  Also, if applicable, describe any costs which will be accrued by the subjects as a 
consequence of participating in the research. 
 
      Not Applicable 
 
QUALIFICATIONS OF INVESTIGATORS 
 
 
14. Briefly describe the qualifications of the investigators(s) conducting this research project.   
 
Megan Callahan 
        -Certified athletic trainer 
 
Matt Gage  -PhD in Physical Medicine and Rehabilitation  
    -Certified athletic trainer 
    -Seven years of professional clinical experience 
-Studied and instructed core stability programs with patients for the past eight 
years 
    -Three published manuscripts  
    -served as PI on four other research studies   
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15.  Briefly describe the training that will be provided for research assistants working on this research 
project. 
 
          Not Applicable 
 
16.  STUDENTS’S THESIS OR DISSERTATION PROJECT:  In the case of student thesis or 
dissertation project, the student’s thesis or dissertation proposal must first be approved by the thesis 
or dissertation committee prior to submission to the IRB.  Evidence of committee approval (e.g., 
signed proposal defense form) must be included in the submission packet.  For thesis, dissertation, or 
other student research, a faculty member or EAP staff person must agree to supervise the project.  The 
sponsor’s signature must be included in the “Signature Block.”  
     
         Not Applicable 
 
OTHER (Provide information regarding the following if applicable) 
 
17. DATA SAFETY AND MONITORING FOR NIH SPONSORED RESEARCH—The National 
Institutes of Health policy requires that grantees have in place procedures for data safety monitoring 
of clinical trials.  The IRB is required to review and approve the data safety monitoring plans.  For 
NIH funded clinical trials, include a description of the Data Safety Monitoring Plan. 
 
         Not applicable 
 
18. Describe any requirements imposed by funding agencies that are not already covered in this 
application. 
          Not applicable 
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Participant Demographic Descriptive Statistics 
  N  Minimum  Maximum  Mean  Std. Deviation 
Height (cm)  30  160.02  187.96  173.4820  9.14959 
Weight (kg)  30  51.30  112.50  73.8450  17.11116 
Age (yo)  30  18  27  20.83  2.394 
Right AROM  30  87  110  92.47  5.488 
Left AROM  30  87  108  91.90  5.040 
Valid N 
(listwise) 
30         
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Mean Muscle Activation-DSLL 
 
RTrA/IO  LTrA/IO  REO  LEO  RRA   LRA 
1.83E-05  2.84E-05  1.89E-05  1.75E-05  1.44E-05  1.27E-05 
4.02E-05  3.37E-05  1.06E-04  1.03E-04  5.73E-05  5.19E-05 
8.60E-06  8.20E-06  2.49E-05  2.13E-05  1.96E-05  1.74E-05 
1.56E-05  1.16E-05  1.28E-05  3.02E-05  1.19E-05  1.08E-05 
1.95E-05  4.34E-05  1.75E-05  2.86E-05  6.15E-05  1.67E-05 
6.20E-06  7.80E-06  6.30E-06  6.80E-06  6.30E-06  5.90E-06 
2.16E-05  1.57E-05  2.12E-05  2.03E-05  1.27E-05  1.55E-05 
2.78E-05  3.01E-05  1.15E-05  1.45E-05  1.96E-05  2.34E-05 
1.57E-05  1.41E-05  1.07E-05  7.00E-06  6.50E-06  5.50E-06 
5.50E-06  6.30E-06  6.90E-06  8.30E-06  6.80E-06  7.10E-06 
1.03E-05  1.18E-05  1.82E-05  2.28E-05  1.83E-05  1.65E-05 
1.15E-05  1.31E-05  3.22E-05  4.84E-05  3.12E-05  3.31E-05 
1.50E-05  1.39E-05  1.67E-05  1.62E-05  7.50E-06  1.02E-05 
1.96E-05  2.18E-05  2.60E-05  4.00E-05  1.51E-05  1.40E-05 
3.79E-05  6.08E-05  1.12E-04  9.89E-05  5.90E-05  7.70E-05 
1.78E-05  9.70E-06  1.85E-05  1.05E-05  1.06E-05  1.14E-05 
1.74E-05  2.28E-05  2.92E-05  4.16E-05  3.31E-05  2.98E-05 
2.03E-05  1.54E-05  3.01E-05  3.21E-05  1.82E-05  1.63E-05 
4.68E-05  3.92E-05  7.07E-05  7.49E-05  1.19E-04  1.25E-04 
2.74E-05  3.32E-05  1.70E-05  2.25E-05  2.11E-05  2.66E-05 
8.00E-06  7.80E-06  8.20E-06  1.12E-05  6.60E-06  5.60E-06 
2.38E-05  2.55E-05  2.29E-05  3.57E-05  2.66E-05  3.42E-04 
7.00E-06  6.30E-06  1.07E-05  1.55E-05  5.90E-06  9.00E-06 
1.40E-05  2.26E-05  9.80E-06  1.30E-05  1.66E-05  1.87E-05 
1.54E-05  1.23E-05  4.70E-06  5.20E-06  7.60E-06  8.30E-06 
1.70E-05  3.35E-05  2.19E-05  3.10E-05  1.76E-05  1.57E-05 
1.10E-05  1.30E-05  1.57E-05  1.48E-05  9.60E-06  1.27E-05 
1.05E-05  1.27E-05  2.67E-05  4.42E-05  1.08E-05  8.50E-06 
1.19E-05  7.30E-06  9.40E-06  1.12E-05  1.14E-05  1.43E-05 
1.46E-05  1.34E-05  1.99E-05  1.72E-05  9.00E-06  1.06E-05 
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Mean Muscle Activation-RASLR 
 
RTrA/IO  LTrA/IO  REO  LEO  RRA   LRA 
1.14E-05  5.90E-06  5.60E-06  4.20E-06  4.10E-06  3.20E-06 
4.54E-05  4.62E-05  8.60E-06  6.90E-06  5.80E-06  4.60E-06 
1.82E-05  8.30E-06  1.60E-05  3.01E-05  1.26E-05  1.04E-05 
2.72E-05  4.20E-06  5.40E-06  1.18E-05  7.10E-06  4.30E-06 
3.58E-05  6.93E-05  1.29E-05  3.32E-05  7.60E-06  3.56E-05 
1.19E-05  8.00E-06  7.10E-06  8.70E-06  5.90E-06  4.00E-06 
2.42E-05  1.24E-05  1.80E-05  1.12E-05  9.20E-06  7.00E-06 
2.01E-05  2.71E-05  8.40E-06  1.01E-05  8.80E-06  8.50E-06 
3.46E-05  3.10E-05  9.40E-06  7.40E-06  4.80E-06  4.30E-06 
8.30E-06  4.90E-06  6.20E-06  9.60E-06  3.40E-06  4.80E-06 
1.49E-05  1.62E-05  9.60E-06  8.00E-06  4.50E-06  4.50E-06 
3.01E-05  6.10E-05  7.60E-06  6.80E-06  5.80E-06  6.60E-06 
1.66E-05  9.40E-06  8.20E-06  1.12E-05  7.30E-06  6.40E-06 
1.80E-05  1.71E-05  1.75E-05  2.45E-05  9.20E-06  4.30E-06 
4.55E-05  1.75E-05  2.74E-05  3.50E-05  2.50E-05  2.27E-05 
3.30E-05  3.70E-06  6.90E-06  5.90E-06  6.50E-06  6.10E-06 
8.70E-06  2.04E-05  4.40E-06  7.30E-06  3.90E-06  3.40E-06 
2.99E-05  7.40E-06  1.41E-05  2.94E-05  1.04E-05  8.00E-06 
4.18E-05  1.74E-05  3.36E-05  3.96E-05  2.27E-05  1.16E-05 
2.13E-05  1.05E-05  1.46E-05  2.23E-05  1.49E-05  1.10E-05 
6.40E-06  4.30E-06  4.70E-06  5.00E-06  3.20E-06  2.60E-06 
6.12E-05  1.29E-05  1.30E-05  4.40E-05  1.96E-05  1.67E-05 
1.82E-05  3.00E-06  5.40E-06  1.11E-05  4.00E-06  4.60E-06 
2.38E-05  2.71E-05  9.30E-06  1.97E-05  1.77E-05  1.54E-05 
7.30E-06  2.70E-06  3.50E-06  3.00E-06  3.50E-06  3.00E-06 
1.36E-05  6.20E-06  8.50E-06  8.90E-06  5.10E-06  3.60E-06 
1.30E-05  1.04E-05  1.16E-05  1.62E-05  6.60E-06  5.80E-06 
3.05E-05  7.90E-06  1.71E-05  4.88E-05  9.60E-06  6.10E-06 
2.52E-05  1.26E-05  7.90E-06  6.70E-06  4.80E-06  4.90E-06 
1.45E-05  7.10E-06  5.80E-06  8.50E-06  3.50E-06  3.60E-06 
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Mean Muscle Activation-LASLR 
 
RTrA/IO  LTrA/IO  REO  LEO  RRA   LRA 
3.61E-05  2.18E-05  1.40E-05  1.20E-05  1.08E-05  9.70E-06 
4.20E-05  8.38E-05  1.03E-05  1.13E-05  6.00E-06  7.00E-06 
1.28E-05  3.76E-05  1.96E-05  2.71E-05  1.34E-05  1.48E-05 
5.70E-06  2.41E-05  8.80E-06  1.18E-05  4.40E-06  6.80E-06 
1.52E-05  6.17E-05  1.99E-05  2.94E-05  1.01E-05  2.10E-05 
9.50E-06  1.29E-05  7.10E-06  1.02E-05  4.80E-06  5.90E-06 
8.30E-06  2.00E-05  5.70E-06  6.00E-06  4.00E-06  4.50E-06 
2.03E-05  3.04E-05  1.47E-05  1.32E-05  1.52E-05  1.74E-05 
5.37E-05  2.68E-05  1.86E-05  1.20E-05  6.60E-06  6.20E-06 
8.70E-06  8.40E-06  6.40E-06  6.40E-06  5.20E-06  5.00E-06 
1.75E-05  1.76E-05  5.90E-06  7.40E-06  3.60E-06  4.90E-06 
1.93E-05  1.88E-05  3.40E-06  5.10E-06  3.40E-06  3.50E-06 
9.30E-06  2.13E-05  8.60E-06  7.80E-06  6.60E-06  7.50E-06 
3.47E-05  2.71E-05  1.86E-05  1.19E-05  4.40E-06  4.70E-06 
2.10E-05  5.60E-05  4.32E-05  3.69E-05  1.88E-05  4.06E-05 
1.06E-05  1.36E-05  8.20E-06  3.10E-06  4.20E-06  4.50E-06 
1.15E-05  1.80E-05  9.40E-06  1.20E-05  4.40E-06  4.30E-06 
6.50E-06  2.34E-05  2.50E-05  9.60E-06  4.90E-06  4.40E-06 
5.70E-05  5.33E-05  5.82E-05  4.45E-05  2.44E-05  4.62E-05 
1.35E-05  2.19E-05  1.10E-05  1.45E-05  7.50E-06  1.14E-05 
4.00E-06  7.30E-06  5.50E-06  5.10E-06  3.40E-06  3.10E-06 
1.52E-05  3.45E-05  1.59E-05  9.30E-06  6.00E-06  1.66E-04 
6.20E-06  1.41E-05  9.00E-06  1.03E-05  4.30E-06  5.80E-06 
8.80E-06  3.31E-05  8.70E-06  8.30E-06  1.21E-05  1.28E-05 
4.00E-06  8.60E-06  2.70E-06  3.70E-06  3.30E-06  3.00E-06 
9.00E-06  1.41E-05  6.60E-06  6.30E-06  4.60E-06  4.90E-06 
7.90E-06  1.38E-05  1.61E-05  1.06E-05  5.00E-06  7.80E-06 
9.40E-06  5.20E-05  3.47E-05  3.75E-05  8.40E-06  1.06E-05 
8.90E-06  5.28E-05  6.70E-06  8.50E-06  5.50E-06  3.40E-06 
7.30E-06  1.57E-05  9.30E-06  3.60E-06  3.60E-06  3.30E-06 
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Peak Muscle Activation-DSLL 
 
RTrA/IO  LTrA/IO  REO  LEO  RRA   LRA 
4.17E-05  7.80E-05  4.28E-05  3.43E-05  3.55E-05  2.96E-05 
1.15E-04  6.69E-05  3.02E-04  2.74E-04  1.79E-04  1.55E-04 
2.26E-05  2.18E-05  6.74E-05  5.26E-05  4.64E-05  4.33E-05 
5.32E-05  4.05E-05  4.99E-05  8.57E-05  3.10E-05  2.72E-05 
6.73E-05  9.78E-05  5.87E-05  8.85E-05  8.97E-05  4.96E-05 
1.76E-05  1.69E-05  1.53E-05  1.54E-05  1.63E-05  1.40E-05 
6.23E-05  3.83E-05  6.47E-05  5.18E-05  2.67E-05  3.91E-05 
7.61E-05  7.92E-05  2.91E-05  3.61E-05  5.87E-05  8.18E-05 
3.39E-05  4.38E-05  3.48E-05  1.71E-05  1.99E-05  1.72E-05 
1.45E-05  1.61E-05  1.40E-05  1.97E-05  2.07E-05  2.15E-05 
1.65E-05  2.22E-05  3.97E-05  5.10E-05  4.12E-05  3.97E-05 
4.40E-05  5.41E-05  1.15E-04  2.16E-04  1.95E-04  1.92E-04 
4.14E-05  4.38E-05  4.96E-05  4.52E-05  1.93E-05  2.93E-05 
3.80E-05  4.40E-05  5.61E-05  8.96E-05  3.67E-05  3.83E-05 
1.01E-04  1.76E-04  4.39E-04  3.19E-04  1.70E-04  2.38E-04 
1.05E-04  2.84E-05  8.95E-05  4.29E-05  3.59E-05  3.86E-05 
5.35E-05  4.92E-05  8.96E-05  1.25E-04  9.80E-05  9.06E-05 
5.50E-05  3.46E-05  7.41E-05  7.91E-05  6.15E-05  4.76E-05 
1.28E-04  1.28E-04  1.59E-04  1.64E-04  2.90E-04  2.92E-04 
7.63E-05  1.09E-04  4.72E-05  6.05E-05  5.19E-05  8.22E-05 
2.02E-05  2.44E-05  3.36E-05  7.21E-05  3.13E-05  2.43E-05 
7.71E-05  1.04E-04  7.07E-05  1.24E-04  9.15E-05  2.92E-03 
2.48E-05  2.11E-05  4.07E-05  5.69E-05  2.47E-05  4.17E-05 
6.93E-05  8.28E-05  2.66E-05  4.13E-05  3.89E-05  6.47E-05 
7.65E-05  5.45E-05  1.76E-05  1.67E-05  2.46E-05  3.19E-05 
4.80E-05  9.51E-05  7.22E-05  9.80E-05  4.71E-05  4.37E-05 
4.03E-05  5.02E-05  6.46E-05  5.42E-05  3.25E-05  4.49E-05 
3.08E-05  3.87E-05  7.47E-05  1.37E-04  2.34E-05  1.91E-05 
3.37E-05  2.14E-05  2.28E-05  3.21E-05  2.73E-05  4.72E-05 
4.24E-05  4.11E-05  5.12E-05  4.32E-05  2.21E-05  3.45E-05 
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Peak Muscle Activation-RASLR 
 
RTrA/IO  LTrA/IO  REO  LEO  RRA   LRA 
2.45E-05  1.04E-05  1.54E-05  6.70E-06  9.00E-06  4.90E-06 
1.03E-04  1.11E-04  1.88E-05  2.45E-05  1.28E-05  1.12E-05 
3.95E-05  1.67E-05  4.17E-05  8.67E-05  2.71E-05  2.43E-05 
7.41E-05  8.00E-06  1.39E-05  2.80E-05  1.53E-05  6.70E-06 
8.92E-05  7.55E-05  4.62E-05  5.31E-05  1.07E-05  4.00E-05 
2.98E-05  1.76E-05  1.75E-05  2.10E-05  1.18E-05  6.30E-06 
6.56E-05  3.20E-05  5.33E-05  2.56E-05  2.15E-05  1.80E-05 
7.33E-05  1.40E-04  3.89E-05  2.39E-05  4.83E-05  2.35E-05 
6.07E-05  5.92E-05  2.17E-05  1.78E-05  8.80E-06  7.30E-06 
2.53E-05  1.32E-05  2.76E-05  4.61E-05  6.80E-06  1.99E-05 
3.26E-05  4.99E-05  3.84E-05  2.60E-05  9.50E-06  7.70E-06 
6.82E-05  2.00E-04  1.92E-05  1.75E-05  1.21E-05  1.98E-05 
6.79E-05  3.72E-05  2.72E-05  5.87E-05  1.96E-05  2.84E-05 
4.87E-05  9.27E-05  6.66E-05  9.50E-05  3.97E-05  1.46E-05 
1.77E-04  5.37E-05  6.70E-05  6.96E-05  1.01E-04  9.94E-05 
1.31E-04  7.40E-06  2.13E-05  2.09E-05  1.29E-05  1.34E-05 
2.43E-05  8.09E-05  1.20E-05  2.13E-05  1.08E-05  7.20E-06 
6.63E-05  1.52E-05  3.08E-05  6.89E-05  1.95E-05  1.68E-05 
1.41E-04  6.81E-05  1.54E-04  1.19E-04  6.25E-05  3.86E-05 
4.87E-05  2.25E-05  3.81E-05  4.53E-05  3.70E-05  2.56E-05 
1.81E-05  6.40E-06  1.17E-05  1.58E-05  7.70E-06  5.70E-06 
2.88E-04  4.39E-05  4.98E-05  2.01E-04  6.04E-05  5.25E-05 
9.25E-05  8.60E-06  2.80E-05  7.31E-05  1.56E-05  2.52E-05 
6.72E-05  5.07E-05  2.11E-05  6.82E-05  3.28E-05  2.83E-05 
1.80E-05  5.90E-06  5.50E-06  3.90E-06  6.50E-06  4.40E-06 
3.70E-05  1.36E-05  2.47E-05  2.93E-05  1.34E-05  8.00E-06 
2.22E-05  1.81E-05  3.31E-05  3.09E-05  1.08E-05  8.50E-06 
1.27E-04  2.50E-05  6.66E-05  1.43E-04  2.51E-05  1.50E-05 
5.86E-05  2.96E-05  1.10E-05  1.28E-05  7.40E-06  7.10E-06 
3.35E-05  1.63E-05  1.20E-05  2.13E-05  6.70E-06  6.80E-06 
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Peak Muscle Activation-LASLR 
 
RTrA/IO  LTrA/IO  REO  LEO  RRA   LRA 
7.99E-05  4.84E-05  2.75E-05  1.88E-05  2.15E-05  1.63E-05 
9.50E-05  2.38E-04  2.29E-05  2.20E-05  1.05E-05  1.76E-05 
5.44E-05  9.18E-05  4.34E-05  8.86E-05  3.11E-05  4.56E-05 
1.73E-05  7.87E-05  1.85E-05  3.32E-05  7.70E-06  1.26E-05 
5.45E-05  1.09E-04  7.22E-05  4.98E-05  1.43E-05  3.11E-05 
2.88E-05  3.11E-05  1.91E-05  4.26E-05  8.30E-06  1.34E-05 
1.86E-05  4.56E-05  1.45E-05  1.23E-05  6.20E-06  8.50E-06 
6.36E-05  1.34E-04  4.17E-05  4.78E-05  5.28E-05  7.21E-05 
1.49E-04  5.52E-05  4.65E-05  2.60E-05  1.36E-05  1.27E-05 
2.24E-05  1.68E-05  2.57E-05  1.39E-05  9.20E-06  8.40E-06 
4.40E-05  3.53E-05  1.37E-05  2.25E-05  5.30E-06  8.80E-06 
6.14E-05  5.13E-05  5.50E-06  1.02E-05  5.20E-06  7.60E-06 
3.94E-05  7.30E-05  2.35E-05  2.54E-05  1.29E-05  2.38E-05 
1.05E-04  1.09E-04  6.80E-05  4.20E-05  1.37E-05  1.60E-05 
5.64E-05  3.36E-04  1.14E-04  1.12E-04  9.20E-05  3.22E-04 
6.06E-05  5.69E-05  3.17E-05  7.20E-06  9.00E-06  1.08E-05 
5.04E-05  3.74E-05  3.63E-05  4.71E-05  2.06E-05  1.65E-05 
1.23E-05  5.73E-05  7.30E-05  2.43E-05  9.30E-06  9.50E-06 
3.73E-04  2.48E-04  2.32E-04  1.89E-04  8.77E-05  2.03E-04 
3.71E-05  4.46E-05  2.88E-05  5.91E-05  2.81E-05  6.15E-05 
7.70E-06  2.29E-05  1.17E-05  1.52E-05  8.60E-06  9.70E-06 
4.60E-05  2.15E-04  4.82E-05  3.75E-05  1.77E-05  2.08E-03 
1.68E-05  4.02E-05  2.76E-05  2.89E-05  9.80E-06  1.70E-05 
2.14E-05  5.11E-05  2.53E-05  1.53E-05  2.16E-05  2.95E-05 
6.90E-06  1.74E-05  3.80E-06  5.50E-06  5.10E-06  5.10E-06 
2.99E-05  3.08E-05  1.52E-05  1.19E-05  8.60E-06  9.80E-06 
1.79E-05  2.40E-05  4.36E-05  2.83E-05  8.80E-06  1.60E-05 
2.40E-05  1.25E-04  7.35E-05  1.29E-04  2.23E-05  3.36E-05 
3.41E-05  2.54E-04  3.78E-05  1.50E-05  1.04E-05  6.90E-06 
2.65E-05  5.42E-05  2.51E-05  7.20E-06  7.90E-06  6.40E-06 
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Group Statistics:  RASLR-DSLL Mean 
  Leg Involved 
N  Mean 
Std. 
Deviation 
Std. Error 
Mean 
Right TrA/IO 
Mean 
Right Active Straight 
Leg Raise 
30  .000023687  .0000131749  .0000024054 
Double Straight Leg 
Lowering 
30  .000017873  .0000099371  .0000018143 
Left TrA/IO 
Mean 
Right Active Straight 
Leg Raise 
30  .000016403  .0000164476  .0000030029 
Double Straight Leg 
Lowering 
30  .000019847  .0000130343  .0000023797 
Right EO Mean  Right Active Straight 
Leg Raise 
30  .000010943  .0000067780  .0000012375 
Double Straight Leg 
Lowering 
30  .000025233  .0000258125  .0000047127 
Left EO Mean  Right Active Straight 
Leg Raise 
30  .000016503  .0000129885  .0000023714 
Double Straight Leg 
Lowering 
30  .000028820  .0000248399  .0000045351 
Right RA Mean  Right Active Straight 
Leg Raise 
30  .000008570  .0000058670  .0000010712 
Double Straight Leg 
Lowering 
30  .000022363  .0000237935  .0000043441 
Left RA Mean  Right Active Straight 
Leg Raise 
30  .000007920  .0000069556  .0000012699 
Double Straight Leg 
Lowering 
30  .000032393  .0000633259  .0000115617 
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Independent Samples Test: RASLR-DSLL Mean 
 
Levene's Test for Equality 
of Variances 
t-test for Equality of 
Means 
F  Sig.  t  df 
Right TrA/IO 
Mean 
Equal variances 
assumed 
3.104  .083  1.929  58 
Equal variances not 
assumed 
    1.929  53.928 
Left TrA/IO 
Mean 
Equal variances 
assumed 
.120  .730  -.899  58 
Equal variances not 
assumed 
    -.899  55.122 
Right EO Mean  Equal variances 
assumed 
7.301  .009  -2.933  58 
Equal variances not 
assumed 
    -2.933  32.980 
Left EO Mean  Equal variances 
assumed 
3.965  .051  -2.407  58 
Equal variances not 
assumed 
    -2.407  43.755 
Right RA Mean  Equal variances 
assumed 
10.825  .002  -3.083  58 
Equal variances not 
assumed 
    -3.083  32.513 
Left RA Mean  Equal variances 
assumed 
6.958  .011  -2.104  58 
Equal variances not 
assumed 
    -2.104  29.700 
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Independent Samples Test:  RASLR-DSLL Mean 
 
t-test for Equality of Means 
Sig. 
(2-tailed) 
Mean 
Difference 
Std. 
Error 
Difference 
Right TrA/IO 
Mean 
Equal variances 
assumed 
.059  .0000058133  .0000030129 
Equal variances not 
assumed 
.059  .0000058133  .0000030129 
Left TrA/IO 
Mean 
Equal variances 
assumed 
.373  -.0000034433  .0000038315 
Equal variances not 
assumed 
.373 -.0000034433  .0000038315 
Right EO Mean  Equal variances 
assumed 
.005  -.0000142900  .0000048725 
Equal variances not 
assumed 
.006  -.0000142900  .0000048725 
Left EO Mean  Equal variances 
assumed 
.019  -.0000123167  .0000051177 
Equal variances not 
assumed 
.020  -.0000123167  .0000051177 
Right RA Mean  Equal variances 
assumed 
.003  -.0000137933  .0000044742 
Equal variances not 
assumed 
.004  -.0000137933  .0000044742 
Left RA Mean  Equal variances 
assumed 
.040  -.0000244733  .0000116312 
Equal variances not 
assumed 
.044  -.0000244733  .0000116312 
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Independent Samples Test:  RASLR-DSLL Mean 
 
t-test for Equality of Means 
95% Confidence Interval of the 
Difference 
Lower  Upper 
Right TrA/IO 
Mean 
Equal variances 
assumed 
-.0000002176  .0000118443 
Equal variances not 
assumed 
-.0000002273  .0000118540 
Left TrA/IO 
Mean 
Equal variances 
assumed 
-.0000111130  .0000042263 
Equal variances not 
assumed 
-.0000111215  .0000042348 
Right EO Mean  Equal variances 
assumed 
-.0000240433  -.0000045367 
Equal variances not 
assumed 
-.0000242033  -.0000043767 
Left EO Mean  Equal variances 
assumed 
-.0000225608  -.0000020725 
Equal variances not 
assumed 
-.0000226323  -.0000020010 
Right RA Mean  Equal variances 
assumed 
-.0000227494  -.0000048373 
Equal variances not 
assumed 
-.0000229013  -.0000046853 
Left RA Mean  Equal variances 
assumed 
-.0000477557  -.0000011909 
Equal variances not 
assumed 
-.0000482375  -.0000007092 
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Group Statistics:  RASLR-LASLR Mean 
  Leg Involved 
N  Mean 
Std. 
Deviation 
Std. Error 
Mean 
Right  TrA/IO 
Mean 
Right  Active  Straight 
Leg Raise 
30  .000023687  .0000131749  .0000024054 
Left  Active  Straight 
Leg Raise 
30  .000016463  .0000141001  .0000025743 
Left  TrA/IO 
Mean 
Right  Active  Straight 
Leg Raise 
30  .000016403  .0000164476  .0000030029 
Left  Active  Straight 
Leg Raise 
30  .000028150  .0000184855  .0000033750 
Right EO Mean  Right  Active  Straight 
Leg Raise 
30  .000010943  .0000067780  .0000012375 
Left  Active  Straight 
Leg Raise 
30  .000014393  .0000122294  .0000022328 
Left EO Mean  Right  Active  Straight 
Leg Raise 
30  .000016503  .0000129885  .0000023714 
Left  Active  Straight 
Leg Raise 
30  .000013180  .0000107051  .0000019545 
Right RA Mean  Right  Active  Straight 
Leg Raise 
30  .000008570  .0000058670  .0000010712 
Left  Active  Straight 
Leg Raise 
30  .000007297  .0000050302  .0000009184 
Left RA Mean  Right  Active  Straight 
Leg Raise 
30  .000007920 .0000069556  .0000012699 
Left  Active  Straight 
Leg Raise 
30  .000015043  .0000303193  .0000055355 
 
   123 
Independent Samples Test:  RASLR-LASLR Mean 
 
Levene's Test for Equality 
of Variances 
t-test for Equality of 
Means 
F  Sig.  t  df 
Right TrA/IO 
Mean 
Equal variances 
assumed 
.009  .926  2.050  58 
Equal variances not 
assumed 
    2.050  57.735 
Left TrA/IO 
Mean 
Equal variances 
assumed 
.943  .336  -2.600  58 
Equal variances not 
assumed 
    -2.600  57.226 
Right EO Mean  Equal variances 
assumed 
3.572  .064  -1.351  58 
Equal variances not 
assumed 
    -1.351  45.280 
Left EO Mean  Equal variances 
assumed 
3.213  .078  1.081  58 
Equal variances not 
assumed 
    1.081  55.959 
Right RA Mean  Equal variances 
assumed 
.552  .460  .902  58 
Equal variances not 
assumed 
    .902  56.679 
Left RA Mean  Equal variances 
assumed 
3.978  .051  -1.254  58 
Equal variances not 
assumed 
    -1.254  32.044 
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Independent Samples Test:  RASLR-LASLR Mean 
 
t-test for Equality of Means 
Sig. (2-
tailed) 
Mean 
Difference 
Std. Error 
Difference 
Right TrA/IO 
Mean 
Equal variances 
assumed 
.045  .0000072233  .0000035232 
Equal variances not 
assumed 
.045  .0000072233  .0000035232 
Left TrA/IO 
Mean 
Equal variances 
assumed 
.012  -.0000117467  .0000045175 
Equal variances not 
assumed 
.012  -.0000117467  .0000045175 
Right EO Mean  Equal variances 
assumed 
.182  -.0000034500  .0000025528 
Equal variances not 
assumed 
.183  -.0000034500  .0000025528 
Left EO Mean  Equal variances 
assumed 
.284  .0000033233  .0000030730 
Equal variances not 
assumed 
.284  .0000033233  .0000030730 
Right RA Mean  Equal variances 
assumed 
.371  .0000012733  .0000014110 
Equal variances not 
assumed 
.371  .0000012733  .0000014110 
Left RA Mean  Equal variances 
assumed 
.215  -.0000071233  .0000056793 
Equal variances not 
assumed 
.219 -.0000071233  .0000056793 
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Independent Samples Test:  RASLR-LASLR Mean 
 
t-test for Equality of Means 
95% Confidence Interval of the 
Difference 
Lower  Upper 
Right TrA/IO 
Mean 
Equal variances 
assumed 
.0000001709  .0000142758 
Equal variances not 
assumed 
.0000001702  .0000142765 
Left TrA/IO 
Mean 
Equal variances 
assumed 
-.0000207894  -.0000027039 
Equal variances not 
assumed 
-.0000207921  -.0000027013 
Right EO Mean  Equal variances 
assumed 
-.0000085599  .0000016599 
Equal variances not 
assumed 
-.0000085907  .0000016907 
Left EO Mean  Equal variances 
assumed 
-.0000028280  .0000094746 
Equal variances not 
assumed 
-.0000028327  .0000094794 
Right RA Mean  Equal variances 
assumed 
-.0000015510  .0000040977 
Equal variances not 
assumed 
-.0000015524  .0000040991 
Left RA Mean  Equal variances 
assumed 
-.0000184917  .0000042450 
Equal variances not 
assumed 
-.0000186911  .0000044444 
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Group Statistics:  LASLR-DSLL Mean 
  Leg Involved 
N  Mean 
Std. 
Deviation 
Std. Error 
Mean 
Right TrA/IO 
Mean 
Left Active Straight 
Leg Raise 
30  .000016463  .0000141001  .0000025743 
Double Straight Leg 
Lowering 
30  .000017873  .0000099371  .0000018143 
Left TrA/IO 
Mean 
Left Active Straight 
Leg Raise 
30  .000028150 .0000184855  .0000033750 
Double Straight Leg 
Lowering 
30  .000019847  .0000130343  .0000023797 
Right EO Mean  Left Active Straight 
Leg Raise 
30  .000014393  .0000122294  .0000022328 
Double Straight Leg 
Lowering 
30  .000025233  .0000258125  .0000047127 
Left EO Mean  Left Active Straight 
Leg Raise 
30  .000013180  .0000107051  .0000019545 
Double Straight Leg 
Lowering 
30  .000028820  .0000248399  .0000045351 
Right RA Mean  Left Active Straight 
Leg Raise 
30  .000007297  .0000050302  .0000009184 
Double Straight Leg 
Lowering 
30  .000022363  .0000237935  .0000043441 
Left RA Mean  Left Active Straight 
Leg Raise 
30  .000015043  .0000303193  .0000055355 
Double Straight Leg 
Lowering 
30  .000032393  .0000633259  .0000115617 
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Independent Samples Test:  LASLR-DSLL Mean 
 
Levene's Test for Equality 
of Variances 
t-test for Equality of 
Means 
F  Sig.  t  df 
Right TrA/IO 
Mean 
Equal variances 
assumed 
2.134  .149  -.448  58 
Equal variances not 
assumed 
    -.448  52.107 
Left TrA/IO 
Mean 
Equal variances 
assumed 
2.286  .136  2.011  58 
Equal variances not 
assumed 
    2.011  52.121 
Right EO Mean  Equal variances 
assumed 
2.935  .092 -2.079  58 
Equal variances not 
assumed 
    -2.079  41.395 
Left EO Mean  Equal variances 
assumed 
8.675  .005  -3.167  58 
Equal variances not 
assumed 
    -3.167  39.413 
Right RA Mean  Equal variances 
assumed 
12.354  .001  -3.393  58 
Equal variances not 
assumed 
    -3.393  31.587 
Left RA Mean  Equal variances 
assumed 
2.251  .139  -1.354  58 
Equal variances not 
assumed 
    -1.354  41.632 
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Independent Samples Test:  LASLR-DSLL Mean 
 
t-test for Equality of Means 
Sig. 
(2-tailed) 
Mean 
Difference 
Std. 
Error 
Difference 
Right TrA/IO 
Mean 
Equal variances 
assumed 
.656  -.0000014100  .0000031494 
Equal variances not 
assumed 
.656  -.0000014100  .0000031494 
Left TrA/IO 
Mean 
Equal variances 
assumed 
.049  .0000083033  .0000041296 
Equal variances not 
assumed 
.050  .0000083033  .0000041296 
Right EO Mean  Equal variances 
assumed 
.042  -.0000108400  .0000052149 
Equal variances not 
assumed 
.044 -.0000108400  .0000052149 
Left EO Mean  Equal variances 
assumed 
.002  -.0000156400  .0000049383 
Equal variances not 
assumed 
.003  -.0000156400  .0000049383 
Right RA Mean  Equal variances 
assumed 
.001  -.0000150667  .0000044401 
Equal variances not 
assumed 
.002  -.0000150667  .0000044401 
Left RA Mean  Equal variances 
assumed 
.181  -.0000173500  .0000128185 
Equal variances not 
assumed 
.183  -.0000173500  .0000128185 
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Independent Samples Test:  LASLR-DSLL Mean 
 
t-test for Equality of Means 
95% Confidence Interval of the 
Difference 
Lower  Upper 
Right TrA/IO 
Mean 
Equal variances 
assumed 
-.0000077142  .0000048942 
Equal variances not 
assumed 
-.0000077294  .0000049094 
Left TrA/IO 
Mean 
Equal variances 
assumed 
.0000000371  .0000165696 
Equal variances not 
assumed 
.0000000172  .0000165895 
Right EO Mean  Equal variances 
assumed 
-.0000212787  -.0000004013 
Equal variances not 
assumed 
-.0000213686  -.0000003114 
Left EO Mean  Equal variances 
assumed 
-.0000255252  -.0000057548 
Equal variances not 
assumed 
-.0000256254  -.0000056546 
Right RA Mean  Equal variances 
assumed 
-.0000239545  -.0000061789 
Equal variances not 
assumed 
-.0000241155  -.0000060179 
Left RA Mean  Equal variances 
assumed 
-.0000430090  .0000083090 
Equal variances not 
assumed 
-.0000432256  .0000085256 
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Group Statistics:  RASLR-DSLL Peak 
  Leg Involved 
N  Mean 
Std. 
Deviation 
Std. Error 
Mean 
Right TrA/IO 
Peak 
Right Active Straight 
Leg Raise 
30  .000071700  .0000569235  .0000103928 
Double Straight Leg 
Lowering 
30  .000054213  .0000300666  .0000054894 
Left TrA/IO 
Peak 
Right Active Straight 
Leg Raise 
30  .000044310  .0000448617  .0000081906 
Double Straight Leg 
Lowering 
30  .000057383  .0000377697  .0000068958 
Right EO Peak  Right Active Straight 
Leg Raise 
30  .000034443  .0000284821  .0000052001 
Double Straight Leg 
Lowering 
30  .000077080  .0000873210  .0000159426 
Left EO Peak  Right Active Straight 
Leg Raise 
30  .000049140  .0000443221  .0000080921 
Double Straight Leg 
Lowering 
30  .000084737  .0000740003  .0000135106 
Right RA Peak  Right Active Straight 
Leg Raise 
30  .000022763  .0000213603  .0000038998 
Double Straight Leg 
Lowering 
30  .000062887  .0000642873  .0000117372 
Left RA Peak  Right Active Straight 
Leg Raise 
30  .000019837  .0000191704  .0000035000 
Double Straight Leg 
Lowering 
30  .000161397  .0005258644 .0000960093 
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Independent Samples Test:  RASLR-DSLL Peak 
 
Levene's Test for Equality 
of Variances 
t-test for Equality of 
Means 
F  Sig.  t  df 
Right TrA/IO 
Peak 
Equal variances 
assumed 
3.153  .081  1.488  58 
Equal variances not 
assumed 
    1.488  44.013 
Left TrA/IO 
Peak 
Equal variances 
assumed 
.252  .618  -1.221  58 
Equal variances not 
assumed 
    -1.221  56.363 
Right EO Peak  Equal variances 
assumed 
4.812  .032  -2.543  58 
Equal variances not 
assumed 
    -2.543  35.102 
Left EO Peak  Equal variances 
assumed 
3.302  .074  -2.260  58 
Equal variances not 
assumed 
    -2.260  47.434 
Right RA Peak  Equal variances 
assumed 
11.59
1 
.001  -3.244  58 
Equal variances not 
assumed 
    -3.244  35.326 
Left RA Peak  Equal variances 
assumed 
4.479  .039  -1.473  58 
Equal variances not 
assumed 
    -1.473  29.077 
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Independent Samples Test:  RASR-DSLL Peak 
 
t-test for Equality of Means 
Sig. (2-
tailed) 
Mean 
Difference 
Std. Error 
Difference 
Right TrA/IO 
Peak 
Equal variances 
assumed 
.142  .0000174867  .0000117534 
Equal variances not 
assumed 
.144  .0000174867  .0000117534 
Left TrA/IO 
Peak 
Equal variances 
assumed 
.227  -.0000130733  .0000107069 
Equal variances not 
assumed 
.227  -.0000130733  .0000107069 
Right EO Peak  Equal variances 
assumed 
.014  -.0000426367  .0000167692 
Equal variances not 
assumed 
.016  -.0000426367  .0000167692 
Left EO Peak  Equal variances 
assumed 
.028  -.0000355967  .0000157485 
Equal variances not 
assumed 
.028  -.0000355967  .0000157485 
Right RA Peak  Equal variances 
assumed 
.002  -.0000401233  .0000123681 
Equal variances not 
assumed 
.003  -.0000401233  .0000123681 
Left RA Peak  Equal variances 
assumed 
.146  -.0001415600  .0000960730 
Equal variances not 
assumed 
.151  -.0001415600  .0000960730 
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Independent Samples Test:  RASLR-DSLL Peak 
 
t-test for Equality of Means 
95% Confidence Interval of the 
Difference 
Lower  Upper 
Right TrA/IO 
Peak 
Equal variances 
assumed 
-.0000060404  .0000410137 
Equal variances not 
assumed 
-.0000062006  .0000411739 
Left TrA/IO 
Peak 
Equal variances 
assumed 
-.0000345055  .0000083588 
Equal variances not 
assumed 
-.0000345188  .0000083721 
Right EO Peak  Equal variances 
assumed 
-.0000762039  -.0000090695 
Equal variances not 
assumed 
-.0000766764  -.0000085969 
Left EO Peak  Equal variances 
assumed 
-.0000671208  -.0000040725 
Equal variances not 
assumed 
-.0000672710  -.0000039223 
Right RA Peak  Equal variances 
assumed 
-.0000648809  -.0000153658 
Equal variances not 
assumed 
-.0000652237  -.0000150230 
Left RA Peak  Equal variances 
assumed 
-.0003338711  .0000507511 
Equal variances not 
assumed 
-.0003380288  .0000549088 
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Group Statistics:  RASLR-LASLR Peak 
  Leg Involved 
N  Mean 
Std. 
Deviation 
Std. Error 
Mean 
Right TrA/IO 
Peak 
Right Active Straight 
Leg Raise 
30  .000071700  .0000569235  .0000103928 
Left Active Straight 
Leg Raise 
30  .000055103  .0000676991  .0000123601 
Left TrA/IO 
Peak 
Right Active Straight 
Leg Raise 
30  .000044310  .0000448617  .0000081906 
Left Active Straight 
Leg Raise 
30  .000091067  .0000835730  .0000152583 
Right EO Peak  Right Active Straight 
Leg Raise 
30  .000034443  .0000284821  .0000052001 
Left Active Straight 
Leg Raise 
30  .000042337  .0000431953  .0000078863 
Left EO Peak  Right Active Straight 
Leg Raise 
30  .000049140  .0000443221  .0000080921 
Left Active Straight 
Leg Raise 
30  .000039560  .0000408792 .0000074635 
Right RA Peak  Right Active Straight 
Leg Raise 
30  .000022763  .0000213603  .0000038998 
Left Active Straight 
Leg Raise 
30  .000019327  .0000215789  .0000039397 
Left RA Peak  Right Active Straight 
Leg Raise 
30  .000019837  .0000191704  .0000035000 
Left Active Straight 
Leg Raise 
30  .000104370  .0003787034  .0000691415 
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Independent Samples Test:  RASLR-LASLR Peak 
 
Levene's Test for Equality 
of Variances 
t-test for Equality of 
Means 
F  Sig.  t  df 
Right TrA/IO 
Peak 
Equal variances 
assumed 
.025  .874  1.028  58 
Equal variances not 
assumed 
    1.028  56.340 
Left TrA/IO 
Peak 
Equal variances 
assumed 
7.392  .009  -2.700  58 
Equal variances not 
assumed 
    -2.700  44.431 
Right EO Peak  Equal variances 
assumed 
.983  .326  -.836  58 
Equal variances not 
assumed 
    -.836  50.208 
Left EO Peak  Equal variances 
assumed 
.549  .462  .870  58 
Equal variances not 
assumed 
    .870  57.625 
Right RA Peak  Equal variances 
assumed 
.171  .681  .620  58 
Equal variances not 
assumed 
    .620  57.994 
Left RA Peak  Equal variances 
assumed 
4.938  .030  -1.221  58 
Equal variances not 
assumed 
    -1.221  29.149 
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Independent Samples Test:  RASLR-LASLR Peak 
 
t-test for Equality of Means 
Sig. (2-
tailed) 
Mean 
Difference 
Std. Error 
Difference 
Right TrA/IO 
Peak 
Equal variances 
assumed 
.308  .0000165967  .0000161487 
Equal variances not 
assumed 
.308  .0000165967  .0000161487 
Left TrA/IO 
Peak 
Equal variances 
assumed 
.009  -.0000467567  .0000173176 
Equal variances not 
assumed 
.010  -.0000467567  .0000173176 
Right EO Peak  Equal variances 
assumed 
.407  -.0000078933  .0000094464 
Equal variances not 
assumed 
.407  -.0000078933  .0000094464 
Left EO Peak  Equal variances 
assumed 
.388  .0000095800  .0000110084 
Equal variances not 
assumed 
.388  .0000095800  .0000110084 
Right RA Peak  Equal variances 
assumed 
.538  .0000034367  .0000055435 
Equal variances not 
assumed 
.538 .0000034367  .0000055435 
Left RA Peak  Equal variances 
assumed 
.227  -.0000845333  .0000692300 
Equal variances not 
assumed 
.232  -.0000845333  .0000692300 
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Independent Samples Test:  RASLR-LASLR Peak 
 
t-test for Equality of Means 
95% Confidence Interval of the 
Difference 
Lower  Upper 
Right TrA/IO 
Peak 
Equal variances 
assumed 
-.0000157286  .0000489219 
Equal variances not 
assumed 
-.0000157488  .0000489422 
Left TrA/IO 
Peak 
Equal variances 
assumed 
-.0000814217  -.0000120917 
Equal variances not 
assumed 
-.0000816485  -.0000118648 
Right EO Peak  Equal variances 
assumed 
-.0000268025  .0000110158 
Equal variances not 
assumed 
-.0000268651  .0000110785 
Left EO Peak  Equal variances 
assumed 
-.0000124557  .0000316157 
Equal variances not 
assumed 
-.0000124588  .0000316188 
Right RA Peak  Equal variances 
assumed 
-.0000076599  .0000145332 
Equal variances not 
assumed 
-.0000076599  .0000145332 
Left RA Peak  Equal variances 
assumed 
-.0002231122  .0000540456 
Equal variances not 
assumed 
-.0002260932  .0000570266 
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Group Statistics:  LASLR-DSLL Peak 
  Leg Involved 
N  Mean 
Std. 
Deviation 
Std. Error 
Mean 
Right TrA/IO 
Peak 
Left Active Straight 
Leg Raise 
30  .000055103  .0000676991  .0000123601 
Double Straight Leg 
Lowering 
30  .000054213  .0000300666  .0000054894 
Left TrA/IO 
Peak 
Left Active Straight 
Leg Raise 
30  .000091067  .0000835730  .0000152583 
Double Straight Leg 
Lowering 
30  .000057383  .0000377697  .0000068958 
Right EO Peak  Left Active Straight 
Leg Raise 
30  .000042337  .0000431953  .0000078863 
Double Straight Leg 
Lowering 
30  .000077080  .0000873210  .0000159426 
Left EO Peak  Left Active Straight 
Leg Raise 
30  .000039560  .0000408792  .0000074635 
Double Straight Leg 
Lowering 
30  .000084737  .0000740003  .0000135106 
Right RA Peak  Left Active Straight 
Leg Raise 
30  .000019327  .0000215789  .0000039397 
Double Straight Leg 
Lowering 
30  .000062887  .0000642873  .0000117372 
Left RA Peak  Left Active Straight 
Leg Raise 
30  .000104370  .0003787034  .0000691415 
Double Straight Leg 
Lowering 
30  .000161397  .0005258644  .0000960093 
 
   139 
Independent Samples Test:  LASLR-DSLL Peak 
 
Levene's Test for Equality 
of Variances 
t-test for Equality of 
Means 
F  Sig.  t  df 
Right TrA/IO 
Peak 
Equal variances 
assumed 
1.339  .252  .066  58 
Equal variances not 
assumed 
    .066  40.012 
Left TrA/IO 
Peak 
Equal variances 
assumed 
10.157  .002  2.012  58 
Equal variances not 
assumed 
    2.012  40.372 
Right EO Peak  Equal variances 
assumed 
2.451  .123  -1.953  58 
Equal variances not 
assumed 
  -1.953  42.391 
Left EO Peak  Equal variances 
assumed 
5.391  .024  -2.927  58 
Equal variances not 
assumed 
  -2.927  45.192 
Right RA Peak  Equal variances 
assumed 
12.608  .001  -3.518  58 
Equal variances not 
assumed 
  -3.518  35.453 
Left RA Peak  Equal variances 
assumed 
.189  .666  -.482  58 
Equal variances not 
assumed 
    -.482  52.704 
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Independent Samples Test:  LASLR-DSLL Peak 
 
t-test for Equality of Means 
Sig. (2-tailed) 
Mean 
Difference 
Std. Error 
Difference 
Right TrA/IO 
Peak 
Equal variances 
assumed 
.948  .0000008900  .0000135243 
Equal variances not 
assumed 
.948  .0000008900  .0000135243 
Left TrA/IO 
Peak 
Equal variances 
assumed 
.049  .0000336833  .0000167441 
Equal variances not 
assumed 
.051  .0000336833  .0000167441 
Right EO Peak  Equal variances 
assumed 
.056  -.0000347433  .0000177865 
Equal variances not 
assumed 
.057  -.0000347433  .0000177865 
Left EO Peak  Equal variances 
assumed 
.005  -.0000451767  .0000154350 
Equal variances not 
assumed 
.005  -.0000451767  .0000154350 
Right RA Peak  Equal variances 
assumed 
.001  -.0000435600  .0000123808 
Equal variances not 
assumed 
.001  -.0000435600  .0000123808 
Left RA Peak  Equal variances 
assumed 
.632  -.0000570267  .0001183145 
Equal variances not 
assumed 
.632  -.0000570267  .0001183145 
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Independent Samples Test:  LASLR-DSLL Peak 
 
t-test for Equality of Means 
95% Confidence Interval of the 
Difference 
Lower  Upper 
Right TrA/IO 
Peak 
Equal variances 
assumed 
-.0000261817  .0000279617 
Equal variances not 
assumed 
-.0000264433  .0000282233 
Left TrA/IO 
Peak 
Equal variances 
assumed 
.0000001663  .0000672004 
Equal variances not 
assumed 
-.0000001481  .0000675148 
Right EO Peak  Equal variances 
assumed 
-.0000703469  .0000008602 
Equal variances not 
assumed 
-.0000706281  .0000011415 
Left EO Peak  Equal variances 
assumed 
-.0000760731  -.0000142802 
Equal variances not 
assumed 
-.0000762607  -.0000140927 
Right RA Peak  Equal variances 
assumed 
-.0000683428  -.0000187772 
Equal variances not 
assumed 
-.0000686828  -.0000184372 
Left RA Peak  Equal variances 
assumed 
-.0002938589  .0001798055 
Equal variances not 
assumed 
-.0002943666  .0001803133 
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Authorship Guidelines for the Journal of Sport Rehabilitation 
The Journals Division at Human Kinetics limits the number of authors for each published 
manuscript to six. Only individuals, who have made a substantial contribution to the manuscript, 
as described below, should be credited as coauthors, and the inclusion of additional authors will 
only be considered if all meet the following requirements: 
The Journals Division at Human Kinetics adheres to the criteria for authorship as outlined by the 
International Committee of Medical Journal Editors*: 
Each author should have participated sufficiently in the work to take public responsibility for the 
content. Authorship credit should be based only on substantial contributions to: 
a.  Conception and design, or analysis and interpretation of data; and 
b.  Drafting the article or revising it critically for important intellectual content; and 
c.  Final approval of the version to be published. 
Conditions a, b, and c must all be met. 
Individuals who do not meet the above criteria may be listed in the acknowledgements section of 
the manuscript. 
*Uniform requirements for manuscripts submitted to biomedical journals.New England Journal 
of Medicine, 1991, 324, 424–428. 
 
Submission Guidelines for the Journal of Sport Rehabilitation 
Instructions for Authors 
1.  Submission of Manuscripts 
The Journal of Sport Rehabilitation (JSR) uses a Web-based system, Manuscript 
Central, for the submission and tracking of manuscripts. Authors must register with 
ManuscriptCentral (http://mc.manuscriptcentral.com/hk_jsr). Submissions undergo a 
peer-review process; submissions are read by the editor and at least two reviewers 
through a blind review process. The time between submission and a decision regarding 
acceptance for publication is approximately 7 to 10 weeks but may be longer. 
All submissions must be submitted electronically via ManuscriptCentral. Submissions 
must be prepared in English as a typed MS Word document. The document must be 
double-spaced, include page and line numbers, and use margins of at least 1 in. Author 
information should not be included any place in the manuscript (i.e. title page, subjects, 
methods) and any identifying information created within MS Word settings should be 
removed. A cover letter with author information will be included during the on-line 
process. While completing the on-line process you will be required to provide the title of 
the manuscript, name(s) of author(s), institutional affiliation(s), short title for running 
head (15 word limit), mailing address, e-mail address, and fax and phone numbers of the 146 
author who is to receive the proofs. The required structure of the manuscript is detailed 
below. All manuscripts must contain an abstract with formatted subheadings of no more 
than 300 words. All tables and figures must be clearly labeled and should be submitted as 
separate files via Manuscript Central. JSR discourages the use of already printed and 
copyrighted materials. If necessary, the author must include a letter granting permission 
to reprint the material. 
Submitted manuscripts may not be in the review process by any other publication when, 
or during review, by the Journal of Sport Rehabilitation. If accepted, authors of 
manuscripts accepted for publication are required to transfer copyright to Human 
Kinetics, Inc. 
2.  Format/Preparation Guidelines 
Authors of manuscripts accepted for publication must transfer copyright to Human 
Kinetics, Inc.: Copyright Assignment Form 
Style: Manuscripts should be written in first person using the active voice. Writing should 
be concise and direct. Avoid using unnecessary jargon and abbreviations, but use an 
acronym or abbreviation if it is more commonly recognized than the spelled-out version 
of a term. Formats of numbers and units and all other style matters should follow 
the AMA Manual of Style, 10th edition. 
3.  Parts of the Manuscript 
Structure requirements that apply to all manuscript submissions: 
•  Structured Abstract: Abstracts must be structured as described in the AMA 
Manual of Style, 10th edition, and contain 300 words or fewer. 
•  Original research manuscripts must include the following headings: Context, 
Objective, Design, Setting, Patients [or Other Participants], Intervention(s), Main 
Outcome Measures, Results, and Conclusions. 
•  Structured abstracts for systematic reviews or meta-analyses should include 
the following headings: Context, Objectives, Evidence Acquisition (data sources, 
study selection, quality assessment and data extraction), Evidence Synthesis (data 
synthesis) and? Conclusions. 
•  Structured abstracts for critically appraised topics should include the 
following headings: Clinical Scenario, Clinical Question, Summary of Key 
Findings, Clinical Bottom Line, and Strength of Recommendation. 
The body of the manuscript is specific to the type of manuscript submission (each is 
detailed below):  
•  Original Research: Reports of original data should include the following parts: 
Introduction, Methods, Results, Discussion and Conclusions. 
In the Introduction, build the problem and specifically state the purpose and 
hypotheses of the study. Do not label the introduction section. 
The Methods section should include the following subheadings: Design (study 
design, not statistical design should be included with respective independent and 147 
dependent variables), Patients [or Participants] (subject information including a 
statement that IRB approval was granted [without indicating author’s affiliation], 
in the spirit of the Helsinki declaration), Procedures (clearly and succinctly 
describe interventions and outcome measures), and Statistical Analyses. 
The Results section should include a presentation of results relevant to the stated 
objectives. Do not explain why the results turned out as they did or justify the use 
of a specific statistical procedure in this section. This section should not contain 
statistical jargon that may confuse readers. If tables or figures are used, the 
information should not be repeated in the text. 
The Discussion section is a formal consideration and critical examination of the 
study. The research hypotheses of the study should be addressed and considered 
in the context of other published works. The study’s limitations and 
generalizability should also be addressed. 
The Conclusions section should summarize the most clinically pertinent findings 
of the study. Conclusions should be directly supported by the data and should 
highlight the clinical importance of the work that was performed while avoiding 
overgeneralizations. 
Artwork Instructions for the Journal of Sport Rehabilitation 
  Figures and Tables: Figures should be professional in appearance and have clean, crisp 
lines. They should be no larger that 8 by 10 in, but keep in mind that they might have to 
be reduced to fit the journal’s format. Hand drawing and hand lettering are not 
acceptable. Use black and white or gray shading only, no color. Photographic images 
should be submitted as separate files via Mansucript Central and must be either JPEG or 
TIFF format at a resolution of 300 dots per inch (dpi). Authors are urged to submit 
illustrations rather than tables. When tabular material is necessary, it should not duplicate 
the text. 
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Central, for the submission and tracking of manuscripts. Authors must register with 
ManuscriptCentral (http://mc.manuscriptcentral.com/hk_jsr). Submissions undergo a peer-
review process; submissions are read by the editor and at least two reviewers through a blind 
review process. The time between submission and a decision regarding acceptance for 
publication takes approximately 7–10 weeks, but may be longer. 
All submissions must be submitted electronically via ManuscriptCentral.  Submissions must be 
prepared in English as a typed MS Word document. The document must be double-spaced, 
include page and line numbers, and use margins at least 1 in. Author information should not be 
included any place in the manuscript (i.e. title page, subjects, methods) and any identifying 
information created within MS Word settings should be removed. A cover letter with author 
information will be included during the on-line process. While completing the on-line process 
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